CHAPTER I 


INTliODUCTION 

The oriKiii of beer, usiii<!; tliiit word in a general 
sense to indicate a fi^rinented infusion of grain, is 
lost in tliyniists of antiejnity. Probibly the Egy])tians 
were among the fiivit civilized people to engage in 
the art of brewing, and there appears to be good 
reason for believing that bitrley wine or beer was 
w'ell known in Egypt at least tiiree thousand years 
before the (jlilastian era. Herodotus, who is not 
sflways a model of trustworthiness, mentions that the 
Egyi>tians used a wine made from barley because 
there were no vines in their country, but this is 
clearly not correct since wine was well known to the 
ancient Egyptians, and its use is recorded as early as 
4()((0 years n.c. It seems certain, moreover, that at 
that early period there were many vineyards in^the 
Nile valley and that several kinds of wine were 
produced Still it is not altogether unreasc<iable to 
suppose that in parts of the world where the graiie 
would not grow, bcCr occupied the same position as 
wfne in countries where the vine flourished. Among 
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the ancient Hebrews beer was well known and al- 
thoujfh tlie word JScluibir, used by Moses and occurring 
several times in the Pentateuch, might refer merely 
to strong drink in general, yet there t eems to I)e good 
reason for supposing that it did in reality refer to an 
intoxicating drink prepared from barley. Ii, may Im) 
mentioned in this connection that there is an old 
Rabbinical tradition that the .lews were free from 
leprosy during the captivity in Babylon by reason of 
their drinking Siccra (Schekar) made bitter with 
hojK If there be any truth in this, it is of 8i)ecial 
interest as showing at what an early jKjriod hoi)s were 
usefl for flavouring pui-poses. But it was among the 
()eoples of Western and North-Western Europe that 
beer was most largely consumed ; and among the 
Gauls, Germans, Scandinavians, Celts, and Saxoas, it 
had attained in very early times to the position of 
a national beverage. Some encertciinty attaches to 
the etymology of the words nffi and fjcrr, but there is 
very little doubt that the former (Saxon Ealif, Danish 
al) is of Scandinavian and tlio latter probably of 
Teutonic origin, both words beingused indiscriminately 
during Anglo-Saxon times. After a time the word beer 
appears to have dropped out of use in this country 
and was not again cmidoyed until about the fifteenth 
century, when the use of hops became general, the 
word being then applied to the hopped in contradis¬ 
tinction to the unhopiied Ixjverage, or ale. At the 
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present day the two worrjs are very largely syiionynj[>UH, 
Imr being used cotn])rehensively to include all classes 
of malt liquor, whilst the word iile, is applied to all 
beers other thftn stout and,port«r. Prior to the 
Roman invasion it is probable that mmd or termented 
honey ,whs the beverage most commonly used in this 
country on festive occasions, and there can be little 
doubt that it is the most ancient of the intoxicating 
(Irinka of Western Europe. Next in point of antiejuity 
came cider, and then ^'ith advancing civilization, beer. 
One of Use (Mirliest references to the use of ale in 
the.se islands is to be found in the Hc.mhm Mor, 
which dates from the fifth ccmtnry, and which shows 
that ale was well known in Ireland i(t the time of the 
arrival of St Patrick. In Wales too, about the same 
time, ale conqlbted with mead as the drink of the 
i^ealthy. Among the Danes and Anglo-Saxons beer 
was certainly the favotirite beverage, and its virtues 
arc celebrated in many of their mo.st ancient poems. 
It will Iks remembered that their conception of the 
highest felicity attainable by theii- heroes after death 
was to drink in the halls of Odin long di'aiights of ale 
from the skulls of their enemies slain in battle. Jt is 
not within the scojk) of this book to deal at any length 
with the history of beer, and it will suffice to*8ay that 
from the fifth century onwards the popularity of beer 
increased to such tin extent, that from lieing the 
occasional beverage of the wealthy, it had become in 
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tlie Middle Ages the general (Iriiik of all classes. The 
flic most commonly consumed by the poorer classes 
was doubtless low in strength and poor in (piality, 
and in this eoRiieetipn the folloiViing lines from 
Fiem Plomium arc of interest. In speaking of the 
indejfendciiee of the labouring classes eoiisy(|uent 
upon the scarcity of labour after the great plague in 
the fourteenth century, Piers says :— 

‘No nun liaIJ‘-peuD>' Ale In nou(! wyse tirynke. 

Bote of the Besto and the Brouneste tliat Brewsters sullen.' 

It is clear that fit this time files of severf.b kinds or 
strengths were brewed, and in old documents of the 
tliirteenth and fourteenth centuries the words pi-ima, 
neciiiid/i, and feiiiu, as fipplied to beci' occur on several 
occasions. Later, in the reign of Henry VIII, tlie 
brewci-B were restrained from lUfiking'niore thfin two 
kinds of lieer, the utroixj and the (bmJth, and the pricek 
at which these were to be sold' werc fixed by Statute. 
This restriction seems to have been withdrawn, for 
later we again find that several vfirietics of beer were 
[•reduced and sold. 

The ease with which the operations involved in 
the production of beer from malted grain could be 
carried out resulted in the installation of brewing 
plant in the houses of vast numbers of the wealthier 
classes, and almost every housewife of importfince 
may be said to have been her o#n brewer. During 
the eighteenth century this practice feU largely into 
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rliHiisc, iuid the brcwin};»)f beer passed for all practical 
purposes into tlu' hands of tlie piiblie brewer. 

At the beginning of the reign of King William 
the duty on strTnig Ixier or ;iie waf one shilling and 
threepence |)er barrel and the price charged by the 
brewer to his cnstoiners (who nsnally fetched it them¬ 
selves from the brewery) was sixteen shillings pci' 
barrel. After oiir wars with France the duty was 
increased by ninciience per barrel on strong beer, 
and in I(>!)•! it amounted to four shillings and nine- 
pence on'Strong, and one shilling and threepence on 
light beer. 

In the reign of Queen Anne the excise duty on 
niijlt, which had licen originally imjiosed during the 
reign of Charges I but subseipiently rejicaled, was 
rc-im|K)8ed, and a tax on hops was levied, which 
remained in force until U!(i2. Towards the end of the 
seventeenth and at tlie beginning of the eighteenth 
centuries, the beer chiefly consumed in London was a 
mixture of heavy sweet ale with a lighter bitter l)eer, 
and a still weaker or small beer. Alxmt the year 
1722 a beer was introduced which had tlie flavour 
and general iiualities of a mixture of the thrcc^and 
as its chief patrons were the JalMUiring classes and 
jiorters, it became known % the name oT pm'ter. 
This beverage made rajiid headway and in the early 
part of the nineteenth century it constituted the great 
bulk of the beer drunk in London. Thus during the 
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ycav eliding July rjli, leas tliati 1,.‘il8,()U7 

barrelK of jiorter were brewed in bondon by the 
twelve jn-ineipal firms then in existeneo, whilst during 
the same fjeriod" only •about 1(15,000 barrels of ale 
were produced. In 11(1(0 there was a complete re¬ 
vision of the mode of taxation to which brewers were 
subjected, the most im)iortant change being the re¬ 
placement of the duty on malt by a duty on the 
finished Imer, which was fixed at six shillings and 
threepence for each barrel of :((v gallons at a standard 
original gravity of 1057‘ less an allowance of*6 per cent, 
for unavoidable waste in the manufacturing o})enitions. 
During succeeding years this duty was sidyect to 
many clianges, and at the time of writing it amoupta 
to seven shillings and nine[)ence per barrel of an 
origimd gravity of 1055°, with an allowance of (5 jMjr 
cent, for waste. By original gravity is meant the 
simciflc gravity of the wort ])vior to fennentation and 
it is on this that the brewer is taxed, the calculation 
l)eing always made to a standard specific gravity of 
1055°. At the present time many different kinds of 
beer are brewed in this country, of which the more 
irajK-rtant are mild ale, porter, pale ale, bitter ale, 
and stout. In addition to these, which are sold both 
in (xwk and in bottle, there arc less imjmrtant varieties, 
peculiar to certain localities, as well as lager beers 
produced by the decoction system of brewing whiyh 
is so widely adopted on the Continent and in America. 
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The great bulk of tlic- iHicr made in this coiijitry 
is consunierl by the working classes whoso staple 
beverages are the so-called mild ale and porter. The 
mild ale is a lif^itly hopi>ed beer of medium gravity 
and of full sweet flavour which iii Loudon is usually 
drunk* when (piite new, but which in the country is 
occasionally kept on draught for one or two months. 
Porter is a dark-coloured Iwer usually of about the 
same original gravity as the mild ale, and which is 
devoid of any pronoTmeed hop flavour. Stout is a 
black beer of higher gravity than porter which it 
resembles in being somew'hat lightly hopped. Its 
flavour varies greatly according to the locality in 
which it is sold, Ijcing sometimes (as in London) 
sweet and Impious, and at others (as in Ireland) 
jjevoid of any pronounced sweetness or (Zn/. Ritter 
lasers, as the name implies, arc characterised by a 
marked flavour of theliop, and are brewed of several 
strengths. Pale ale, which includes ale intended for 
export and for stoi'age, is the name usually given to 
beers of the highest quality. In original gravity the 
beers of this class vary very greatly, but they are 
always pale in colour and are almost invariably brswed 
from the finest materials, ami, represent in a sense, 
the highest product of the brewer’s art. In connection 
with the above general descriptions, it should Ite 
pointed out that no sharp lines of demarcation can 
be drawn bctw'ecn any of the varieties mentioned. 
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ThCjSe overliij) very coiisideraVly, and in different parts 
of tlie eonntry the same naine is often applied to 
l)cerK of very ditfei'ent eliaraeters. 

'fhe liistory 6f a lievenige vviiidli in its various 
forms has played such an iinportiint jKirt in our 
national and social life for so ina!iy centuries, is in 
the hiffhest degree fascinating, and to those who are 
interested, 1 eoinniend any or all of the historical 
works, the titles of which are given in the list on 
pages vn, 128. 


CII.VPTKU 11 

MATEIilAI.S USED IN BUEWINCJ 

The two essential ehemical processes involve<l in 
the manufacture of beer arc first, the conversion oV 
starch by means of diastase into certain soluble sub¬ 
stances, one of which is a fermentahle sugar, and 
secondly the decomposition of this sugar by means 
of the yeast organism into alcohol and carlHin dioxide 
gas. It is clear from this that the main iiiw material 
mus{ be one containing stai'ch, and that it should 
if iKissible contain the necessary converting agent, 
diastase. ■ Both these conditions are satisfied in the 
case of certain germinating seeds, and although 
many have at vai’ious times been tried, long ex¬ 
perience has shown that germinated barley possesses 
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ill the fullest dcj^ree the various properties neces^ry 
for the brewing of beer. Among other cereals which 
are occasionally employed are maize, rice, oats, and 
wheat, but thesB are always used, When used at all, 
in conjunction with a large projiortion of germinated 
barleyf or to give it its technical name, malt. Further 
reference will be made to these cereals later, and for 
the present 1 will confine myself to the consideration 
of barley malt which is the brewer’s cliief raw material. 
Although it is not within the scope of this liook to 
deal at ilfiy length with the process of converting 
barley into malt, some reference to the subject is 
necessary to ensure a jiroper understiuiding of the 
mashing proceiss, which is one of the most important 
l)arts of the whole brewing procedure. The process 
of malting may l)e said briefly to consist in artificially 
inducing the germination of the grain, and when 
sufficient growth has taken ])lace, in stopping it by 
the application of heat. >Simple as this bare state¬ 
ment may api)ear, the chemical and physiological 
changes occurring during the conversion of barley 
into malt are highly complex, and notwithstanding 
the vast amount of study devoted to their elucida¬ 
tion, are even now very far frpm being fully under¬ 
stood. Thanks, however, to” the laboure of Brown 
and Moms and others, the general character of these 
changes is tolerably clear. If a few corns of terley 
are bitten between the teeth they will be found to 
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be )[ery hard, whilut malt co»ii8, tested similarly, will 
be found to bo mealy arid friable and to break down 
readily. Again, if a handful of barley Ihj gi'ound up 
and trc.ate<l witlt a little warm wafer, no apiKircnt 
change will occur, and even at the end of soine hours 
the addition of a little iodine solution will give the 
blue colour characteristic of starch. If on the other 
hand some ground malt be treated in the same way, 
it will soon be evident that some chemical change is 
taking jdace, for the mixture, if fairly thick to com¬ 
mence with, will rapidly become more licpilci, and the 
solution obtidned after straining oil’ the solid matter 
Will be found to have a pleasant sweet flavour, and 
on adding a little iodine solution, there will l)c rfio 
blue coloration, showing that the ^tarch has dis¬ 
appeared. It is clear then that some very marked 
changes have attended the transformation of the 
l)arley into malt, and these arc of the utmost im- 
jKirtance to the brewer. The above simple experi¬ 
ment shows that the malt differs from the barley 
from which it was made chiefly in containing an 
active substance which is cajiable under appropriate 
conditions of converting the starch of the gi'ain into 
soluble, swect-tiisting products, and one object of 
the malting process is to produce these substances. 
But there is another and very important difference 
between the two. As has teen pointed out above, 
the barley is hard and vitreous whilst the resulting 
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malt is soft and frialdc; and a second object of,the 
inaltiiif' process is to bring about this change in the 
gi'ain. A tliird object is to give to the malt the necessary 
flavour, which iS accom))lished by heating it to the 
requisite temperature on a specially constructed kiln. 
We will now consider briefly the meaning of the 
als)ve-mentioned changes and how they are brought 
about by the maltster. A grain of barley consists 
essentially of two parts, the niiiin starchy portion, 
known as the ctidonjicrm, and a smaller jiart at one end 
of the coi'lf, kiKJVvn as the embryo (sec frontispiece). 

During the natural germination of the corn in 
the earth, the embryo, which as the name implies 
is the rudimentaiy plant, commences to develop, and 
the starch of the endosperm is the provision made 
by nature for the nutrition of the growing plant until 
such time as the first green leaves are formed and 
the rootlets have siifliciently developed to permit of 
their obtoining food from the soil. It is this jn’oeess 
which the maltster imitates and turns to his own 
ends. In the earth the vitiil changes arc initiated 
or developed by the absorption of moisture, and the 
first j)art of the malting process consists in soaking 
the grain in water until it has ^absorbed sufficient to 
start the growth. It is then spread on floors and the 
germination allowed to proceed until the plumule 
(frontispiece c) has’ proceeded alwut three-quarters 
of the entire length of the corn. It is during this 
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period that the itii{>ortatit ghange ineiitioiied above 
takes place. In the barleycorn the reserve uiatei'ials 
are not directly available for the nntrition of the 
{(rowing germ, skice bpth tlie starclf and the greater 
part of the nitrogenous substances (proteins) are 
insoluble and consequently not diffn.sible'ijiroiigh 
the cellular structures to the germ where they are 
re(|uired. In the barley itself, certain active nitrogen- 
containing substances occur known as oizifniex, and 
others arc developed during tgerinination. Tlie.se 
enzymes tire the natural agents necc.ssaTy for the 
conversion of the insoluble reserve food-material 
into soluble diffusible and assimilable substiinccs, 
and we shall see a little later how necessary tljey 
are to the brewer in his operations. Between the 
embryo and the starchy endosjKjrm there is a cellular 
body known as the KeiiteUiim (frontispiece />), the 
function of which is to secrete’the necessary enzymes 
and which becomes active in this sense, tis soon as 
germination has commenced. In tiddition to this, the 
aktiroiw layer (fronti.spicce a) is also active in the 
secretion of these enzymes. 'I'he starch of the grain 
is njt in a free condition, but exists in the form of 
{(ranulcs packed in innumerable vegetiible cells, and 
the walls of these cefls" have to l)e attacked before 
the contained starch is capable of being acteil upon 
by the enzyme diantnue. This is' effected by means 
of a second enzyme known as ci/tasf which attacks 
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the ccIluloHe walls, either dissolving them or at least 
softening and rendering them more permeable to the 
diastiise, which is then able to convert the starch into 
the soluble matters needed ftp- the nutrition of tlic 
growing germ. This solvent or disintegr'ating action 
(its preri^c extent is still a matter of some uncertainty) 
of tlie cytiisc on the cellular structures of tlie endo¬ 
sperm explains the conversion of tlie hard and vitreous 
barley into the tender and friable malt. At the same 
time diastase is devehiped in considerable ipiantity, 
and a portion of the starch is used up by the young 
plant. It is, of course, to the interest of the maltster 
to reduce this consumption of starch to a minimum, 
as it is lakir on reipiircd by the brewer; and therefore, 
as soon as the action on the cell-walls, or ‘ modifica¬ 
tion ’ as it is technically teimed, is snUicicntly com¬ 
plete, which is usually the case when the plumule 
has grown nearly the length of the corn, further 
action is stopped by drying the grain, first on the 
malting floor itself and then on a kiln, cither by the 
direct combustion products of coal or coke, or, as on 
the Uontiuent, by means of hot-air. In addition to 
the solvent action of cytasc on the cell-walls of the 
endosiienn and the development of diastase so 
necessary for the 8ub8e<pient' conversion, of the 
starch in the brewery, there arc other changes oc¬ 
curring, one of which is of considerable practical 
im])ortance. This is the conversion of a proportion 
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of the iimolnblc proteins of the gi-aiii into soluble, 
difhisible and chemically simjder s\d)stiuicea, such as 
proteoses, peptones and annno-iici<ls. These, which 
are intended by,nature for the neerfs of the growing 
plant, are of great imiHirtance to (be brewer, as we 
shall sec later, particularly in connection ‘wjth the 
nutrition of the yeast during the process of fer¬ 
mentation. This protein conversion or pritteolym is 
effected by another enzyme or possibly by more 
than one, the action partly resi;mbling that of Irypsiu 
and {Kirtly that o1pvp»lti or jiepfani’, the tw«i enzymes 
present in the pancreas and sbmiach of animals, and 
which are resiwnsiblc for the breaking down of the 
complex insoluble j)roteins during the process of 
animal digestion. Whilst only alsuit 20 per cent 
of the total nitrogen of barley is solhble, more than 
40 per cent of the nitrogen of the resniting malt 
can dissolve in water, the inorease being chiefly due 
to the production of amides and amino-bodies sttch 
as asjwragine. The changes taking place in the 
various nitrogenous bodies are illustrated by the 
tbllowing analyses' of Bungener and Fries: 



Bailey 

Malt 


l>er (Mint. 

lier cent. 

Total nitrogen • .^.. 

I'ODO 

l-5(i0 

Nitrogen as albumen 

o-ioi 

0-230 

Nitrogen as peptone 

0-04() 

0-060 

Nitrogen as amides 

..." 0-206 

0-534 

Total soluble nitrogen 

0-355 

0-642 
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The germinated grain, liaving been partially dried on 
the growing floor, is transferred to tlie kiln wlicre 
gi’owth is effectnally arrested, and where it acquires 
a pleasant bisenif.y flavour. 

Ere(iuent use lias already Ixsen made of the word 
enaynw,, and jicriiaps it may he well to define a tittle 
more clearly what is meant, iiarticularly having regard 
to the all-imixirtant part which these siibstanccs play 
in the processes of malting and brewing. The enzymes 
constitute a class of Ixidics which are of universal 
occnrrencfi.in all living organisms, whether animal or 
vegetable, and which are of supreme importance to 
the life and w'ell-being of those organisias. Briefly 
their function may be said to consist in rendering 
soluble and available for nutrition the various in¬ 
soluble reserve-materials on which the life of the 
erganism dcjiends. Thus, we iiave starch-converting 
enzymes or dimUima, cellulose-converting enzymes or 
cytases, sugar-converting enzymes such as iiiverkuie 
and nudfutte, protein-converting enzymes or i^roteo- 
lysU, fat-converting enzymes orand finally the 
enzyme which splits up sugar into alcohol and carbon- 
dioxide gas (fermentation) or xymane. The enzymes 
are all nitrogen-containing substances of albumenoid 
eharacter, and it is one of their most noteworthy 
characteristics that but very small quantities are 
needed for the couvereion of relatively enormous 
quantities of the various substances on which they 
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exert their wpecifie actions. Technologically, this 
poiht is one of the highest importance, although the 
precise manner in which they exert their activity is 
not understood.,, 'J'hey are soluhler iu water, and 
resemble certain of the proteins such as egg-albumen 
in being coagulated by heat. With this 'coagula¬ 
tion their chemical activity di8ap])ears, and this as 
we shall sec is also a matter of the highest techno¬ 
logical moment. The enzymes arc not all equally 
sensitive to the destructive eil'ect of heat, but all arc 
destroyed in the presence of water at toBiperatiires 
short of that of boiling water, and it may be said 
roughly that a temperature of about }!0°— 
usually marks the limit of their activity. On the 
other hand they will withstand a temperature* of 
li2(T (J. or even more when completcly’dry. They are 
caiMible of acting at fairly low temperatures, bift 
for every enzyme there is a temperature or rather 
a limited range of temirerature within which it 
is most active. Thus, the diastase of malt which 
converts starch into soluble sugar and other products 
functions most actively at about 50"—55° C. and 
the enzyme iurerfane. which converts cane-sugar into 
invert sugar is most active at about 55" C. The 
enzymesrfirc also exceecKngly sensitive to the presence 
of very small (piantities of many chemical sub¬ 
stances, and whilst the majority act most readily 
in faintly acid solutions a few (e.g. trypsin) 
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exert their specific activijties l)e8t in faintly alkalpie 
media. 

We have seen that durinj? the conversion of 
the barley into Hialt the mor^i iuip{)rtiint changes 
which occur arc (a) the development of the enzymes 
(diastases) necessary for the subsequent conversion 
of the insoluble starch into soluble and partially 
fermentable products, (b) the modification of the 
cellular stnicturcs of the endosperm by means of the 
enzyme cytfise, (c) the conversion of insoluble proteins 
into simple, and soluble nitrogenous products, and 

the production by kilning of a pleasant bisciiity 
flavour. Instead of the hard vitreous barley, we have 
now a mciily friable material containing a large 
proi)ortion of the original starch (some is lost during 
malting by converaion into carbon-dioxide and water, 
as'the result of the vital respiratory processes) and 
at the same time the etuiymes neces.sary for effecting 
the important transformation of that starch which 
occurs during the process of mashing, and which will 
be dealt with in a subsequent chapter. 

It has already been pointed out that it is one of 
the characteristics of the enzymes sis a class that thpy 
are able to bring about an amount of chemical change 
which is enormously great in ‘relation to the- actual 
weight of the active agent concerned ; and during the 
germination process a very much larger amount of 
diastase is formed in the growing grain than is needed 
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for tlie Brewer’s purj) 08 c. One object of the kilning 
process is, therefore, t(> destroj', or to restrict the 
activity of a great deal of tliis diasbise, leaving just 
as nmch in the ^nisli<|d malt as may be necessary for 
the purpose for which it is to be employed. I’his 
depends to a gi’eat extent on the class of beer for 
which the malt is to lx; used, a malt conhiining more 
active diiisbise (and therefore kilned at comparatively 
low temperatures) being recpiired for ])alc ales than 
for mild ales or black bcei'.s. Even after the severe 
restriction of diastase whitfr occurs on the kiln, barley 
malt contains much more diastase than is necessary for 
the conversion of its own storch, and in conso(]ucucc 
other starch-containing materials may be used in 
conjunction with malt shoidd their employment for 
one rciison or another be deemed desirable. Such 
materials arc maize, rice, oats, and, on rare occasions, 
other cercaks. ’I'hc maize and rice are usually sul)- 
mitted to a prcj)aratory i)urifying and cooking process 
before being supplied to the brewer, and in the form 
of flaked maize and flaked rice, represent very pure 
and concentrated brewing materials, containing as 
they do from j)er cent, to more than 8(» per ceiil of 
starch. The products obtained by the action of 
diastase on the starcli bf these materials arc the same 
as those resulting from the conversion of the starch 
of barley-malt itself, but they yidld to the worts much 
smaller proportions of soluble nitrogenous substances. 
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and it is to this fiict tliat (Jieir utility as inalt-adjuncts 
is larjfely duo. 

Since alcolud is one of the most significant and 
impoi’tfint constiWents of licer, jjt is clear tliat certain 
sugar jiroducts wliich are capable of yielding tliat 
substauBc’on fermentation, might bo used in jdace of 
a certain )u'oportion of the malt. It will be seen 
later that during the mashing process the starch of 
the malt is converted partly into the fermentable 
sugar maltose, and that this is sjilit up during the 
process of’fermcntation into alcoliol and carbon di¬ 
oxide gas. Since other sugars such as dextrose and 
laevulose undergo the same decoiniiosition when sub¬ 
mitted to the action of yeast, there is clearly no 
reason why a projiortion of those sugars should not 
lie emjiloyed by the brewer, assuming, of course, that 
in the form in whicli they arc used tlicy are [icrtcctly 
wholesome and that tUey are found to yield good 
results in respect of the fiavour and cliaracter of the 
finished licer. (!anc-sugar itself is not directly ferment¬ 
able, but is first converted by the ensfynie, hifertiiKC, 
contained in the yeast cell into invert sugar, which 
then undergoes decomposition into alcohol and carbon 
dioxide. Cane-sugar may therefore lie directly em¬ 
ployed as a iirewing material, but inasmuch as its 
use is thought by many brewera to conduce to yeast 
weakness, it is more usual to employ the invert sugar 
made fi'om it. On the manufacturing scale the invert 

2-2 
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sugar is prciwed by lieatiui; a solution of cane-sugaC 
with a small amount of a mineral acid until the desired 
change is complete. The acid is then neutralized, and 
the solution, after more or less decolArization, is evapo¬ 
rated in a vacuum pan to the consistency of a syrup. 
In this process the cane-sugar undergoes hydrolysis 
and is converted into a mixture of dextrose and 
laevulose in nearly equal proportions, which is known 
as invert sugar. I’he change may be represented by 
the following equation : 

-t H=0 = tUb-A + 

Cane-su^iir Water Dextrose Laevulose 
Invert suKur 

As used by the brewer invert sugar is a product 
closely resembling golden-syrup in appeai-ance and in 
flavour, but when allowed to stand for some time it 
sets to a soft solid mass owing to the crystallization 
of the dextrose, the laevulose which crystallizes only 
with great difficulty, remaining in the syrupy condition. 
The commercial syrups usually contain about 75 per 
cent, of invert sugar, the balance consisting of water, 
with small quantities of cane-sugar, and a little 
mineral matter. In >ts composition, therefore, it is 
very similar to honey. The only other sugar product 
which is at all largely used in brewing is glucose. 
This is prepared by heating the starch obtained from 
various sources (maize, sago, potato, rice) with dilute 



n] MATERIALS USED IN BREWINd 


21 


mineral acid until the re<;|uired amount of conver^on 
has tiiken ])lacc. In this process tlic starch is converted 
first into maltose and dextrin, and finally, if the action 
be allowed to cniatinue for a sufiicieijt time, entirely 
into dextrose. The chemistry of this change is not, in 
|)oint o^ihet, (|uite so sirnjde as might aj)i)ear from 
the above statement, small (piantitics of other and 
unfermentable carbohydrates* being formed at the 
same time. 'Tlic action is usually allowed to proceed 
until the whole of tins d(!xtrin has di8aj)peared, and 
the resulttrig product therefore consists substantially 
of a mixture of the two sugars, dextn)so and maltose. 
Of course, in the process of manufiicture, the acid 
used is neutralized and the solution decolorized as in 
the case of invert sugiir. Thus prepared, glucose or 
starch-sugar fbilns a white or yellowish solid mass 


1 Tbo term ‘ carbohydrato a gpnoric term appHod to a Rioup of 
conipoiiTidK, some of wliich art* very widely diHtributed in nature, and 
which includes such important substances as caiie-suRar, niilk-siigar, 
starch and cellulose. The more important members of tlio group 
contain either fi or a multiple of 6 carbon atoms in the molecule, and 
in all cases the hydrogen and oxygen atoms are present in the relative 
proportions in which they unite to form water. Tlie expression 
‘carbohydrate’ was obviously designed to call attention to the*facl 
that tho composition of those suh»tance| may be represented by the 
general formula Cx(H.,0)y, and whilst*the word is certainly not free 
from ohjec'tion, it has at least tlie sanction of long and general usage, 
and is, after all, a convenient one by which to designate a gi'oup of 
important compounds closely related to one another and having 
many properties in common. 
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possessed of far less sweetness than invert sugar and 
containing about 65 to 7b per cent of fermentable 
sugars. 

I5y rcstrietipg the action of»the acid in the 
inannfactnre of glucose, a jiroduct may l)e obtained 
containing a considerable proportion of de\trin and 
smaller iiuantities of de.xtrose and maltose. 'I'his 
]>rodiict, which occurs in commerce in the form of a 
thick colourless syrup, is oc(!asionally used in brewing, 
but finds its chief employment, in tlie manufacture of 
confectionery. 

In the brewing of stouts and porters, certain pro¬ 
portions of highly coloured malts and of caramel are 
emjdoyed. The malts are manufactured either by 
kilning the germinated barley at a high temperature 
over a fire of burning wood (brown malt) or by 
roasting barley or ordinary malt in a cylinder such 
as coffee is roasted in (black malt), 'fhese materials 
communicate to the beers in which they are used not 
only a considerable amount of colour, but also a 
pleasant and characteristic cmpyreumatic flavour. In 
plaCe of a proportion of these coloured malts, caramel, 
prepared by the action of heat on glucose or cane- 
sugar, is often used. 

With the important 'exception of water, hops and 
yeast (which will l)e dealt with more fionveniently in 
subsequent chaj)tcrs) the above 'may be said to con¬ 
stitute the materials from which beer is brewed. 
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In a few words tlic object of this most im])ort!uit 
operatiojiinav be said to be the (lonvcrsion by diastase 
Of the stfireh of the malt or other ^raiii (when this is 
used) partly into fermentable siipir, and partly into 
other substances which are either unfermenbiblc or 
which only undergo fermentation with considerable 
dilliculty.fc. Simple iis this .statement may ap])ear to 
l)e, the chemical changes involved in the process arc 
exceedingly complex, and notwithstanding the im¬ 
mense amount of labour which has been for many 
yeSrs devoted to their study, it cannot be said that 
they ai’C even i*uw fully understood. Suiticient has, 
llbwcver, been learned in regard to the chemistry of 
the transformation of starch at the instiincc of diastase 
to furnish us with a tolerably clear insight into the 
nature of the changes occurring during the mashing 
process, and to serve as a reliable guide to the 
brewer in the control of his operations. 

Before dealing with this part of the subject, it 
may be well to refer to the im]>ortant bearing wfiich 
the nature of the water usod’has on the ((Uality of 
the resulting beer. At an early date, the town of 
Burton-on-lVent became celebrated for its pale ales, 
whilst Dublin and liondon became almost equally 
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renowned for the excellence of tlicir stouts and porters. 
Wliilst this was to some extent due to difterenccs in 
the methods of brewing adopted, it was soon recognized 
that it was chiqtly owing to the different cliaracter of 
the water supplies of the respective districts ; for even 
when tlie same materials and the same ifigthods of 
brewing were employed, it wsis found for example to 
be impossible with the London water to brew pale 
ales having the same character and general excellence 
as those brewed in Burton, a^ld on the other hand. 
Burton stouts and poi'teis could not con.pete with 
those of London and Dublin. Now the water from 
the Burton wells is found to contain large (piantities 
of calcium sulphate (about 11(1 grains per gallon) with 
smaller proportions of magnesium sulphate, and it is 
to the presence of these salts (particularly the former) 
in such comparatively large (piantities that the special 
suitability of the Burton water for the production of 
pale ales is due. On the other hand the Dublin water 
contains little else than the carbonates of calcium 
and magnesium, and after boiling is consequently 
very soft, whilst the water from the deep wells in and 
arojiiid London contains sulphates, carlxmates and 
chlorides of sodium, and is free from the earthy 
sulphates above referreii to. T’utting the matter very 
briefly it may lie said that hard waters containing 
much calcium sulphate, such as those of Burton, are 
especially suited for the brewing of jiale ales and the 
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better elass of bitter beers, whilst soft waters are liest 
for the prodiietion of stout and porter. Mild ales 
and certain other classes of beer rwpiire for their 
production water iiitei'inediate in resi)cct of hardness, 
netween the two above-mentioned classes. Since the 
coinposi^(}n of the water necessary for the iii’oduction 
in their hifthest e.vcelleiico of the various chisses of 
beer is well known, it will be clcai' that much inay be 
done to convert an unsuitiible water into a suitiible 
one by artificial treiiiinent, that is to say, by the 
addition of those mineral ingredients in which it is 
naturally deficient, or by the decomposition of those 
ingredients which are undesirable. Whilst the desired 
result cannot always lie bi-ought about by ai'tificial 
treatment, it is pos.sible in the great majority of cases 
to render ccrbiifl water supplies much more suitable 
tlTan they would otherwise liavc been, by the addition 
of the necessary matcrfeils such as calcium sulphate 
(gy})sum), magnesium sulphate, calcium chloride, etc. 
Thanks to this knowledge it is now possible to brew 
|)ale ales of good quality in many towns other than 
Burton, and to use natural supplies which woidd other¬ 
wise be unsuitable for the production of certain classes 
of liecr now largely in demand. It should be said tTiat 
all water intended for biwin{*i)br|>oscs, whether hard 
or soft, must Ikj of a high degree of organic inirity. 

The first a<!tual ’in-ocess within the brewery is 
the grinding of the malt. This is effected by passing 
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the niiilt thfouffli revolviiif? steel rolls, two paii's^ 
heiiiff often iisc^d side hy side, with the rolls set 
at different distiinces, fhe small (torus beiii}; j)assed 
throiifrh the oye ])air and the huger eorns through 
the other. In this *way, something approaching to’ 
uniformity of gTinding is obtained. The ohjyct of the 
brewer is not to grind as finely as jiossibic, but to 
crush each corn thoroughly so as to pernnt of the 
ready attack of the starch by tlie diastase when water 
is added, and yet to bring about, as little disintegration 
as possible of the husk of the grain which- is needed 
to assist filtration in the mash-tun. In certain modern 
processes of grinding the mealy |)ortion of the grain 
is separated after ((rushing by various mechanical 
devices from the husk, and the former is then more 
finely ground, with the object of incr(f'asing the amount 
of e.vtnu-tive matter to be obtained from it; but it'is 
not within the scojk; of this bfiok to deal with working 
details, and in any case, the great majority of bniwers 
still adopt the 8im])ler tliough less pcifect fonn of 
grinding machinery above referred to. The malt 
having been ground or crushed, the brewer is ready 
to ((ommence the process of mashing. In this process, 
the crushed malt has to be mixed with the re(piisitc 
amount of water undef ffneh conditions of temperature, 
that the action of the diastase on the starch can be 
kept within ceitain necessary-limits. The vessel 
in which this action takes place is known as the 
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uiash-tiin. As will l»e seen by reference to tlie followiiif; 
diawranimatie draw'ing (fij. 1) it consists essentially 
of a covered cylindrical vessel' constructed usually of 
wood or iron, fitteii with a iicrforated false bottom (a), 
revolving; rakes or stirrinfi; macninery {h\ a spaixiiifi 
or washing apiiliance (c), and a number of pipes for 



Fig. 1. Mash-tnn. 


drawing off the resulting clear wort {d). In some 
eases the admixture of ewushed malt (grist) and water 
is made directly in the masir-tun itself, but more 
frequently a mechanical appliance known as an ex¬ 
ternal masher (c) is used, by means of whieh a more 
perfect admixture of the malt and the water can 
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be iniwlo, wliicli eiwibles the browci- to maintain a 
more tixact eonlrol over* the teinjtcratnre of tlie 
mixture, wliieli as we sliall shovtly see is a matter of 
the liiffliest importance. 

It will be rementbered that (Inrins the jiroeess oi' 
maltinj;, the whole intenial slnieture of the birley- 
corn is altered in such a, way that the starch grannies' 
with which the endosperm is |)acke<l are l•endere<l 
more eiisily amenable to the action of the enzyme 
dia.st!ifie when the crushed ina[t is mixed Avith wate-r 
at suitable tempei’atures. It is generally held that 
this is due to the disintegration by enzyiuic activity 
of the walls of the vegetable cells in which those 
granules are formed and contained, and the jn-ocess 
is technically referred to as modification. I'ngenni- 
iiated barley contains a form of diastase, the natural 
function of which appears to be the transference t)f 
stiirch from one ])art of tire growing organism to 
another; this was termed by Brown and Morris 
‘translocation diastase’ in contradistinction to the 
‘diastiise of secretion’ which is formed during the 
germination period. The precise chemical limita¬ 
tions and functions of these two forms of diastase 
arc still tmeertain ; but it may Ire said that it is 
the ‘diastase of seCi-etion’ (which will be sub- 
seipiently referred to simply as diastase) fonned 
during the malting process which is responsible for 
the conversion of the stiirch during mashing, and 
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that this fliiustasc Ih onlycajiablc of acting under the 
ordinary conditions of gnnding and tem])crature on 
such of tlic starch as js contsiincil in (;clls wlucli liave 
^undergone the al)(»vc-incntioncd procijss of modifim- 
fioii. From this it follows that if any portion of the 
Jharleycoj'if has esea])ed that change, tliat is to say, is 
hard and vitreous like barley, instead of being soft and 
friable like malt, it w'ill in most cases escape con¬ 
version in the mash-tnn and will so be lost to the 
brewer. It is usually stated as a general proposition 
that gclartnization of starch by heat must [irecede its 
eonvereion into soluble products by diaslnse, and 
whilst this is true of [lotato starch it docs not ajipcar 
to Jie the case with the starch of barley and certain 
other cereals. At any rate, in a well-made liarley 
malt we have all the potentialities of the change 
w]iich it is the object of the brewer to bring about. 
There is starch in a eonllition to be readily acted on 
by diastase, and there is more than sufficient diastase 
to convert that starch into soluble and partly fer¬ 
mentable snlistances. It will now be necessary to 
consider briefly the nature of that very important 
change. It may be said at once that the chemical 
reactions involved in the diastiisic transfonnation of 
starch are of a highly eomjdck character and arc still 
the subject of invcstigiition. It would obviously serve 
no useful purpose, even if it were jiossible within the 
limits assigned to this manual, to attempt to deal 
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wjt,h the various views whit^h liave been lield I)y the 
many eheniists vvlio iiaye devoted tlieinselves to this 
sid)jec!t, and 1 therefore jiropose to state in tlie simplest 
lanffnajife possible, tlie view wliich is most widely held^ 
at the present lime, and whieh eertainly offers the 
most satisfiietory explanation of the obseVved faets.^ 
In regard to the eomposition of grnmdar stiireh (that 
is, sbirch as it exists in v arious jdants) we know nothing 
save that its ‘empirieal ’ or siiniilest formnla is ('d I,„( 

By snbndtting this to the a<dioii of cold dilute mineral 
acid, or in other ways, it may be convcited into a 
simpler jn-odnet which gives many of the ordinary 
reactions of gramdar starch, from w hich, however, it 
differs in being soluble in hot water and in not foruyng 
a j)aste or .jelly when its hot acpieous solutions are 
cooled down. 'I’his substance is known as itidiihle 
xltiirli and is the starting-point of the change w'hich 
W'e are considering. It has thS same empirical formula 
as ordinary granular starch, and there is some gi-ound 
for assigning to it the molecular fortmda 

When soluble stanih is acted on for a long time 
by di.Lstasc at low tenipcraturc.s, it is entirely con- 
vei^tcd into maltose, water entering into the reaction, 
according to the following ecpiation : 

CialLiiiOio + 1I»G — OiaHyjOi]. 

When, however, the action takes place at higher 
temperatures such as those adopted in the mash-tun, 
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the starch inoleciilc hreaks down in such a 
manner as to yield maltJise, dextrin and certain 
intennediate bodies ^known as iiiiilfo-di'u-lriiiK or 
aiivylolm. Tlie sylnble starcli inoleenle may be 
rejiresented as 

(G,dl.,0,„h« 

(( 'j.jl 
(( 

At tlnf moment of tlie* attimk by diasbise this 
molecule breaks down into its live component fjroups, 
one of which (litters from the reiuaininf; four in its 
resifitance to tlie further action of the diastase, and 
•constitutes tlie sulistance referred to in the literature 
of^ starch conversion as the ‘ sbible dextrin.’ The 
remaining four complexes, each haviiifj the formula 
(GJljnOiAai, then undergo progressive hydrolysis', 
each or amylin group becoming converted 

by the assumption of water into a t!i T1...0ii or maltose 
group. As each amylin group takes up the elements 
of water the resulting maltose grou]( remains a con¬ 
stituent of the comiilex until the last has be^n 
hydrolyzed, when free maltose^ results. 

* By hydrolysiH is meant the converKion of oiieBubKtance into one 
or more otlier substanccH of flimpler molecular foi-mola URually at the 
instance of dilute acids or enzymes, such conversion bein^ ]»receded 
by the aHsuinption of one or more molecules of water. 
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Thus, the change in tlie .case of each of the four 
complexes mi};lit be illustrated by the following 
scheme: 




1g,J 1=,0„ |((!JU>.,h ■■■ 

MaJto-<U’xtriii. Mallo-tldxtrin. 

.►20(!,,T1«().,. 

Mnlloso. 


From this it follows that if the diiistase were 
allowed to act at favourable temi)eratures for a 
siiflicieutly long time, the final products lof the re¬ 
action would be maltose and the ‘stable dextrin’ 
which is only acted upon with extreme difiicnlty. If, 
however, the temi>eraturc and time conditions are so 
arranged as to restrict the action (and this is the 
case in the brewer’s mash-tun) then in addition to 
free maltose and the ‘ stable dextrin ’ a certain pi-o- 
portion of the intermediate products of the reaction, 
the malto-dextrins, will occur. It now remains to 
consider the parts which these various substances 
play in the production of beer. Beer diftere from 
many alcoholic bevcniges in that its flavour and 
character are quite as much, if not more, depeaident 
on' the nature of the unfemiented extractive matters, 
than on the presence -af alcohol and other volatile 
products of fermentation. In addition to this, it is 
essential that it should be capable of undergoing a 
certain amount of termentatiou while in the cask 
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,(and often in tlie bottl^ iiwaitinj;; coiiHnniption. 
This cask fenncntation kca'ps J;lic Ik-ci- eliarged with 
carlwn-dioxido g:is, i<id without it tlie li(iuid would 
^speedily become fiat and uiuh'i^ikablv. It is clear 
from these considerations tliat tlie extractive matters 
^derived frifm the malt or other materials must not 
be completely fermentable, for if that were the case, 
the resulting liijnid w ould be little more than a dilute 
solution of alcohol, and would not possess any of the 
characteristics of bee*'. It may be mentioned in 
passing tlBit this is the ahn of the distiller, who 
desires only to produce alcohol, and whose methods 
are in eonseijuence directed chieHy to that end. It 
will^be reniemliered that the brewer makes use of 
jnalt which has been heated on the kiln to such a 
temperature as to bring about the destruction of 
much of the diastase formed during the germina¬ 
tion of the grain, aud*in the mash-tun he again 
employs temperatures sufficiently high to restrict 
the activity of that which remains. In this way he 
ensures that the wort (that is the clear saccharine 
liquid containing the iirodiicts of the conversion 
of the starch) shall contain (1) maltose, (2) mal^p- 
dextrins, and (3) stable dextrin. Now these sub¬ 
stances together fulfil the conditions ncccssttry for 
the production of beer, the maltose being readily 
fermentable and therefore yielding alcohol and 
Civrbon-dioxide gas, the malto-dcxtrins being less 

c. B. .3 
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vtiulil.v ferincnUible, and tfie stable dextrin praoti-, 
cally unferinentable. 'I'lic readiness with which the 
inalto-dextrins are ca|)al)le of andergoinjj fermenta¬ 
tion depends to a g'-eat extent oi. their coinposition, 
those which contain the largest nninbei' of maltose 
gi'onps in the complex molecule being ’ hydrolysicd 
to free maltose and fermented much more easily 
than those contiiining a larger proportion of amylin 
gi’onps. All, howevei', are cai)able of being converted 
into maltose by diastase. 'J’hc brewei' s wort in the 
fermenting tun does not,' however, eontfiiil’any active 
diastase, and for the jn'esent it will suffice to say that 
the great bulk of the malto-dexti’ina present in the 
wort are not fermented during the main fermentiition 
by the ordinary yeast.. Sinci^ maltose is completely 
fermentable and tbe stiible dextriii for all practical 
inirposes \mfermentable, it follows that the (piautity 
and nature of the unferinented, but fermentable, 
matter remaining in the beer at tlie end t>f the 
fermentation, will depend almost entirely on the 
Iintportion of inalto-dcxtrins in the wort as it leaves 
the mash-tnn, and on their character. This in turn 
is dependent on the nature of the malt employed 
and on the conditions to which it is subjected in 
the miish-tun. Broa(fly it may be said that malt 
kilned at a high temperature and mashed at a com¬ 
paratively low one, will yield worts eontainiug 
relatively high proportions of free maltose and of 
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.low-type’ inalto-(lcxtriiiH*vjliilst malt kilned at lower 
temperatiircH an<l maslied at rather higher ones 
will give worts eonfciJliing less maltose and a larger 
proportion of high4ype malto-d^trinsi. The malto- 
dextrins, although behaving in some resj)eets as actual 
^ejimipoiiiKls of maltose and ilextrin groups, yet manifest 
many of the properties of mixtures. 'J’liis is true of 
their flavour, that of the high-type compounds ap¬ 
proximating to that of dexti-in itself, whilst the 
‘low-ty|)o’ malto-dextrins more nearly resemble 
maltose, hi their degree oflfermentability the same 
is true, for the ‘ low-type ’ eomjiouuds are obviously 
more easily converted into maltose, and therefore 
mor^ I'eadily fermented than those of higher type, 
in iiractice this is of considerable impoi’tauce, jiar- 
ticularly in connection with the brewing of beers of 
various classes. If we take a stock pale ale as 
representing the one extreme, and a mild ale intended 
for rapid consumption as representing the other, we 


’ By ‘ low-typp’jualto-dextnus in meant those containing a large 
, number of maltose groups associated with a few amyliii gioups, and 
by ‘ higli-type ’ those in which the number of arnylin groups is largely 
predominant. 


Thus 




would represent ‘low-type' compounds, whilst 


|{CiaHa20ji}a 


would represent one of ‘high-type.’ 


3—2 
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see tliat the re(iiii^chiei)ts are very difl'ereut 
indeed. 'I’he former Veer must he (d' delicate i)alate, 
tree from excessive sweetness, and must eontiiin a 
Kuiruaent aincHint of residual earholiydrate matter 
to ])rovide for a rcffular and constant su|nily of 
carbon-dioxide ftas (cask fermentation oi’ condition¬ 
ing) over a considerable ])eriod (d' time. I'he mild 
ale, on the other hand, must be sweet rather than 
dry and must be in condition for drinking within 
often a few days of its inanufaeture. For the brewing 
<d’ the [Kile ale, then, we' rc(|uire a wort eoidaining a 
relatively large i)ro|)ortion of malto-dextrins of high 
type, since these are devoid (d' sweetness, and owing 
to the slowness with whieli under ordinary sbrage 
conditi(ms tlicy are converted into fermentabk 
maltose, tliey supply the long-maintained and ])er- 
sistent cask fermentation wliich is a necessary feature 
of these beers. For the brewing of tlie mild ale, on 
the other hand, tlic wort must be rich in free maltose 
and in malto-dextrins (d' low type. Such wort will 
l)e readily fermentable and the beer at racking will 
contain carladiydrate matters sw'cet to the palate and 
Ciij)able of undergoing the (juiek cask conditioning 
which is essential in tjie case of beer intended to be 
consumed within a few.days of racking. Tn practice 
it is found that these two sets of conditions arc 
obtained by employing on the one hand a pale malt 
(i.e. a malt kilned at comi)aratively low temperatures) 
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and adojitiuji soniowliat Jiigli mashing temperatures, 
and on tlie other, by using a liigiier-dried malt and 
mashing it at lowery.em[)eraturi^s. It must not he 
thought that tlic range of masliing temperatures 
“ivithin wliich the firewer lias tcfwork’is a wide one. 
So powerfully is the diastase attecteil by slight varia- 
fions of lemperaturc within the limits of practieal 
working, (hat two or three degi’ees are often suftieient 
to affect to a marked extent the palate fulness, rate 
of conditioning, and other properties of the resulting 
beer. WJien working on, the infusion system of 
mashing as adopted in this country, and excepting 
a few little-used processes, it may be taken that 
)4a' F. and laa' I’, represent the two extremes, the 
low%r temperatures being employed in the brewing 
of mild ales, and the higher for [lale ales, stock bittei's 
and similar beers. It will be seen then that the great 
importance of the masliing process lies in the fact 
that it is in the mash-tun that the character of the 
resulting beer is largely determined, the brewer so 
arranging his conditions in relation to the malt, as to 
produce the type of wort, and conse(|ueiitly the class 
of beer he desires. Various methods have lieen devised 
for arriving at a knowledge of the amount of actfve 
diastase existing in malt, or^rftther for assiguing to 
malts numbers, expressing in terms of an arbitiwily 
chosen scale, their relntivc diastasic activities. Whilst 
these methods do not bear any simiile relation to the 
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conditions of brewery practice, the results they yield 
arc often of the i^reatest 'value, a,8 showing whether 
any given sample of hialt hiis. been kilned in such 
a manner (that is to say whether its diastose has 
been suitably restriefved) as to render it well adapted* 
for the brewing of the particular class of l>cer for 
which it is to be used. The changes which havh 
been described above and which occur when malt 
is mashc<l, aj)])]}' e(iually to any ‘ raw ’ or unnialted 
gniin which may be mixed iii the mash-tnn with the 
malt As has already been pointtsl out, >the latter 
contains more diastase than is necessary for the con¬ 
version of its own starch, and so a proportion of 
starch derived from some other source may be used 
if desired, the conversion taking place as in the case 
of the barley-malt stirch itself. When, as is usually 
the case, some form of prepared grain such iis flaked 
or gelatinized maize or rice isciscd, all that is necessary 
is to mix the grain uniformly with the malt in the 
mash-tun itself, and proceed exactly as if an all-malt 
mash w'ere Ijeing made. In the manufacture of these 
flaked materials the gndn is first submitted to a 
cleaning process and is then broken up by machinery 
in^ small pieces, in which form it is known as ‘grits.’ 
In the case of maize tlds is preceded by the removal 
of the germ, which contains the greater part of the 
oil, this being objectionable from the brewing imint 
of view. The grits arc then subjected to the action 
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of HtCiini wlieroby tliey are tlioroiiglily softened, after 
wliieli they are eoiiverted into ilakes by Ixjiiig passftd 
between hot-rollers, and finally dried. The main 
result of this steainlfi<; proeess is to break ii]) the 
■cell-struetures of \he jiniin and to ’gelatinize the 
stareh ami so render it amenable to the action oi 
disisbise ht the comparatively low temiieratures of 
the mash-tun. Occasionally, however, fii'ain which 
has not been subjected to this ‘cooking’ process is 
emjdoyed, as for e.\ani])le, maize grits, broken rice, 
oatmeal (jn oatmeal *stout) and rarely barley. In 
that case the starch is not in a condition to be 
acted on by diastiise under the ordinaiT mashing 
conditions, and it becomes necessary to submit the 
raff grain in tpiestion to indejiendent ti'catment in 
a sejiarate vessel known as a converter. In this 
vessel the grain, mi.xed with a small jiroiantion of 
pale or active malt, is,sh)wly heated with water to 
about mo” F. by means of steam, and is kept at that 
temiieratnre for a little while, after which it is raised 
nearly to boiling. The object of mixing a small pi'o- 
portion of pale malt with the grain is in oi'der that 
the li(iuefying diastase of the malt may convert the 
ordinary starch into the soluble form, and so prevent 
the grain mixture from becoiniug unduly viscous when 
cooled down to the temjierature at which it has to lie 
run into the inash-tun. The starch is now in a con¬ 
dition to undergo saccharification by the malt diastase, 
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and the thin grnol is conscqyently run into the mash- 
tifti with the malt grist ami mashed in the ordinary ' 
manner. In this eounti'y the system of mashing known 
as the hifnximi, system is almost universally adopted, 
but on the cdfutincRt of Europe and in America a' 
process of decoction is very largely employed. In 
the infusion system the ground malt, with dthcr ])rc' 
I)ared grain, if such is used, is mei'ely mixed with 
the reciuisite (luantity of water at the most suitiible 
temperature, and the action is allowed to proceed 
until conversion is comi)lcte and until wort, of the re¬ 
quired composition has been obtained, after which, the 
wort is run off, and the residual grains are sparged, the 
temperature rarely, if ever, rising above KJo"F. in 
the decoction method, the malt is usually mixed \fith 
the water at a lower temperature tKui is customary 
in infusion mashing, and the temperature of the inasli 
is raised by succcs.sivc stages nearly to boiling. In 
some cases this is done by transferring a |)ortion 
of the mash to a wpjjcr, and after heating it to boiling, 
returning it to the mash-tun, whilst in others a i)ortion 
of the clear wort is run off so as to preserve a sidlicient 
amount of active diastase, after which the contents of 
thi mash-tun are raised to a high tenqjerature by 
means of steam, au<l> .when cooled sufficiently the 
active wort is run in, and the mashing allowed to 
proceed. It will be seen that an .imi)ortant difference 
between these two systems lies in the fact that in the 
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decoction method the igasli ia raised nearly to the 
boiling-point of water, and *o anj’ impcrfocdly modified 
grain is gelatinised |.nd remfered amenable to the 
sjiccharifying action of the diastase. It follows that 
'with ordinary malts, which, no tnatU *■ how carefully 
made are «.pt to contain a little nmnodifled grain, 
file decoction system yields higher extracts, that is 
to 8!iy gives a rather greater jn-oportion of soluble 
matter than the infusion. Tt is, however, very 
generally held that decoction mashing is not so well 
suited to.thg production pf English beers as the 
method ordinarily followed, and in this there is 
some truth. 1'he nuishing, having been completed, 
the bright wort is run of!' from tin; insoluble portion 
of1:he grain, into the copi)er where it is boiled 
with hops. As tfie strong wort runs oiti hot water is 
sparged on to the residual grains, so a.s to c.xtraet ius 
completely as possible tltc whole of the soluble matter, 
and this too runs into the copper. The brewer, knowing 
the proportions of extractive matters yielded by the 
malts and other materials he is using, is easily able 
to calculate the total quantity of water necessary to 
produce the required volume of wort at the re({uisite 
density. The density of the wort, as will be se*en 
later, determines the strength of the betir, to be 
brewed, and as biken in the fermenting tun prior 
to fermentation, constitutes what is known as the 
‘ original gravity ’ of the resulting beer. 
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The jn'oeoKs, to jvliieh reference lias been 

made, consists essentially iti washing out of the Rrains 
the soluble matters which have been fonneil during 
mashing. (!are has to be (exercised not to employ 
water at too hi^h a tmniieratiire, since small (|uantities< 
of unconverted starch left in the grains, would be 
gclatiniiied and brought into solution, anil as thff 
small amount of diastase remaining might easily be 
rendered inactive, such starch would jiass into the 
wort and might cause some diiliculty in connection 
with the brightness of the beer. As a rulp sjiarging 
commences at a temperal.urc of about 170' F. which 
is somewhat in excess of the average mash tem- 
jierature re(|uired, since some heat will have been 
lost during the period of standing, and this has tit lie 
made up. At the end of sjiarging the temjierature of' 
the residual grains, or ‘goods,’ to use the term iisuaKy 
emjiloyed, will be about KiO ’A*'. and the density of the 
last runnings, if the operations ha ve been properly 
conducted, will not exceed 1002' or KKKf’. In the 
case of strong beers, however when less sjiarging 
water has to be used this final gravity may be some¬ 
what exceeded. The sjieut grains left in the mash-tun 
wfien sparging is finished contain a little starch, the 
amount dejiending on tlic thoroughness with which the 
malt had undergone modification during the malting 
process, and on the success with which the mashing 
operations have been carried out. They also contain 
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the insoluble proteins the malt, a little oil froni 
the malt, and a f!;ood deal* of diffcstihlc fibre. They 
have eonse(|uently a^inoderatJdy high cattle-feeding 
value and are rcad^y purchased for that |mri)osc by 
*farmer8 and others. Sometime# they are bought in 
their wet of)ndition, with about 7-> per cent, ot water, 
But more often they are first dried, since in this 
condition they will licep good indefinilely, the wet 
grains rajudly becoming sour and Hn))lcasant, par¬ 
ticularly in tlie sumyier. The following may be 
taken as «i'epresenting the, average composition of 
dried spent grains as obtained in the ordinary infusion 


system of masliing: 

Starch . bb') 

Digestible Fibre and (him ... 3G’(M( 

Fat and Oil * . 

Albiimenoids (Proteins) . IH' IU 

Ash. *. 

Moisture . **’!)(> 

Orude Fibre . ^1 '**7 

lon-ou 


Such a product has a combined feeding and inanurial 
value represented by about 102 units, C(nn|)ared 4y 
with 104 for an average siunjdff of wheat 
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GJIAP'KI^R IV 

IWIILIKG I 

The wort ffoin tl*! luasli-tim haviiiij liocii collcctw„- 
in tile copper is ready to be submitted tojJie laiiling 
process. Sometimes tlie woi-t passes thi’'ouj;h an • 
intermediate vessel known as a receiver or under- 
back from whieli it either Hows by gravity, oi' is 
pmniied into the copper. The use of such a vessel 
is determined very largely by Aie construc^oii of the 
brewery and the relative positions of the mash-tun 
and copper. ■J'cchnologically, the use of such a vessel 
has no sjiecial siguificauee and the only jioint of any 
importance is, that the wort shall not be allowed to 
remain for any length of time in iUat or below the* 
temperature at which it leaves the mash-tim, simre 
the diastatic action would, iij that case, obviously be 
proceeding the whole of the time and a larger jiro- 
portiou of fermentable carbohydrate matter would 
be jiroduccd than might be reipiircd. In order to 
avoid this it is customary, in cases where the wort 
does not flow directly into the copper, to provide 
tiife receiving vessel with a steam coil by which the 
wort ciyi be immcdiatclj' heated to a temperature at 
which the diastase becomes inactive. Thus the wort 
when it reaches the copjier will .have practically the 
same carliohydrate composition as when it left the 
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niasli-tmi. Tlie copjKjr may cither be an ojk!ii or a 
closed vessel capable of luildinjj; the whole or a part of 
the brewing. In thj former^case the whole of the 
woi't is boiled in ove operation but in_ the latter two 
or even three boilings may be n^cessiii’y, the stronger 
wort beijift boiled lirst and the weaker wort sub¬ 
sequently. The eopi)er is boiled either by fire or by 
steam, and as a ride a boiling period of about two 
hours is adopted. Tlie objects of the boiling i>rocess 
arc the following: 

{(i) The sterilization'of tlie wort. 

{/>) The arresting of the action of the diastase. 

(c) The extraction of the flavouring and pre¬ 
servative constituents of the hops. 

((/) The .precipitation of undesirable [irotciii 
matters. 

and {(') The concentration of the wort to the 
re((uisite point. 

It will pr-obably be conducive to clearness if the 
alaive five objects are dealt with sejiarately, but 
before doing this it may lie convenient to devote 
a little space to a description of the hop plant or at 
least to that portion of it which is used by ’the 
brewer. 

The hop belongs to the C'amuiJMUUuu’ but it 
possesses certain aflinities with the stinging nettle 
and is in conscipicncc occasionally classed with the 
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Urtiaweac. It is [M-obable* that bops were grown, 
and used chiefly, i)orbaps,*for medicinal purposes at 
a very early period. Ilccasion^l rcl'crciiccs to hops 
and hop gardens occur in docuiycnts of the ninth 
century and il scenfb not improbable that even at" 
that early period they were o(rasionally used for the 
bittering of beer. By the thirteenth century the 
area imder cultivation had api)arently incrciiscd very 
considerably and in tlic fourteenth centm-y there is 
plenty of evidence that hops jyere employed for the 
bittering of beer, at any rate in (Jerniany and in 
llolhind. It is gcnei'ally su[)i)osed that hops were 
first inti'odiiced into England towards the close of 
the fifteenth century, but that they were not received 
with oi)en arms is evidenced by the fact that both 
Henry VII and Henry VHI ])rohibllDed their use ill 
lieer. This ban ajipiiars to have remained in force 
until the reign of Edward V4 when the restrictions 
as to the employment of hops in brewing were 
removed and their cultivation was very considerably 
extended. The common ho]» is dioecious,—that is to 
say, the male and female flowers are produced on 
sejiarate plants. The female flower which alone is 
use"}] by tlie brewer consists of a cup-shaped corolla 
with a •round ovary Ciftitaining one seed. A con¬ 
siderable number of these flowers grow together in 
the form of cones which are technically known as 
strobiles. It is these strobiles which constitute the 
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hop as used l)v tlic l)re*vcr and wliicli e<(ntidn tlic 
various constituents wliiehfire of so niuch iuii)ort<iuce. 
Tlic following illu8t|'ation, fig. 2, represents the 
structure of one o] these stridiiles. 

No. 1 sliovvs a fully grown s'trobile consisting of 
jjn axis oj' ?itrig on which are arranged bracts of two 



yit;. 2. 1—Fnlly }»ro\vn 1 m>|» cone; ah. socdlt'ss Inucl. or ‘petal’; 

yeedbcaTiiiK ‘ petal.’ 2 - IIo]» axis or ‘ sLtig.’ 3 and 4—Piecea 
of Htrij; and petals as in 1. 

different kinds. 'I’he one class of bracts (h) contains 
the fruit or seed of the hop, whilst the other (sb) is 
seedless. 'J'he lioji axis or strig is shown in No.’ 2, 
whilst No. H and No. 4 show*trte manner in wjiieh the 
bracts arc attached to the strig. At the bases of the 
bracts will lie found a yellowish powder known as 
lupulin, which, when examined microscopically, is 
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found to consist of gt-.iiiul«s of regular sliaj>e and 
woll-defiiicd structure. Tllis yellow powder, which is 
usually spoken of hy fhe brewer as ‘condition’ is of 
the greatest importance since it,contains the bulk 
of the constituents which the brewing value o^ 
the hoj) chiefly deiiends. (fther things btipg eejualj 
therefore, the commercial value of a samjile of hops is 
roughly proportional to the amount of lu))ulin wliich 
it contains. 'I’he percentage of lu])ulin in difTercnt 
hojis is subjecl. to very consi([erable variations. In 
old hojis it may be as low as -2 or .‘t jies coot., whilst 
in new and rich hops it may occur to the extent of 
10 iier cent, or more. It contains the essential oil, 
resins, wax, bitters and a number of nitrogenous 
bodies including one or iicrhajis more alkaloids. Of, 
these constituents the essential oil! certain of the 
resins and the bitter principles are of special iin- 
portance, the essential oil aild the bitter substances 
being the chiei' flavouring constituents, whilst certain 
of the resins are markedly bactericidal and so confer 
on the ho])s their well-known preservative properties. 
The essential oil occurs to the extent of about (fit to 
0'() iKirts per I no i)arts of the hops, or rather it should 
be said that this is the amount that can be obtained 
from the hops by di9t,llliug them with steam, and 
recovering the oil from the aqueous distillate. The oil 
consists, as the author has shown, of two hydrocarbons, 
myixnm and humulcnc (inactive caryophyllene) and 
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of Hoveral oxvjfvnated siWistanoes wliioli arc |»rcHeyt 
in com])arativcly small ]>roI)ortimis, but on which the 
odour of the oil is lari;<J.V dcpciufcnt. 'I’hcsc oxygenated 
constituents vary sijnfewhat in oils of (Meront origin, 
'and it is due h> this variation that a samjile of oil 
obtained from say t!alifornian hops dilfcrs apjireeiahly 
in odour Iroiii one |)repared from bavarian or Kent 
growths. The hydrocarbon myrccne is a very mobile 
liipiid having a penetrating and not unpleasant odour, 
and unjlergoes conversjon into a non-volatile resinous 
sul)staucc«on .exposure to the air. As this change 
takes pla,(;e with great readiness and as the myreenc 
constitutes about lU to .'iO per cent, of the fresh oil, 
it will easily Ixs understood that the yiehl of volatile 
^liltrom hops a few months old is very eonsidcrably 
leas than from the same hops when freshly ])icked. 
The humulene is a represenbitive of the cla.ss of 
substanees known as scJspiiterpenes and when iiurc 
possesses very little odour, nor does it undergo any 
apiireciable change when exposed to the aii’. It is 
usually jiresent in fresh oil to the extent of about 
lu per cent. The oil is almost Insoluble in water 
(alxuit 1 jiart in 20,(»(MI parts), but it dissolves a little 
more readily in a weak alcoholic li([uid such as liccr. 
Slight, however, as its solubiHtJ’ is, it is yet ample for 
flavouring purposes, for, as with most essential oils 
its odour and flavour are most a])parent when it is in 
a highly diluted condition. I have pointed out thiit 
11 . 
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is volatile with steam ami as might be supposed it 
is very largely lost when tiie hops are boiled with the 
wort, almost the whole jassii^ away into the air 
with the escaping steam. The fpgrant smell in the 
ncighbo\irhood of a' brewery when the wort is being 
boiled ailbrds some evidence of this. To^ minimise 
the effect of this loss most brewers are in the hab'it 
of adding a proportion of the lx;st hoi)s to the copjier 
shortly before the conclusion of the boiling period. 
It appears very ])robable, ho\):ever, that the .flavour 
(other than bitter) comiiumicated to the wort by the 
hops is due not so much to the volatile oil itself, as 
to the solution of a small (juantity of the resinous 
oxidation products of the oil, which are not volatile 
with steam, and which possess a smell and tlavoui; 
very similar to those of the oil ftself. In certain 
cliisses of l)eer it is customary to add a small (piantity 
(J lb. or { lb.) of hoi>s to the* beer in the cask, and in 
this case the oil will, of course, jday a more important 
part, as some of it passes into solution, and so com¬ 
municates to the beer its characteristic flavour and 
aroma. It may be added that unlike many essential 
oils, the oil of hops does not possess any antiseptic 
properties. 

We now come to a " brief consideration of those 
highly imporUnt constituents, the resins and bitter 
substances, which are not only flavouring agents, 
but which exercise the even more important function 
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of jn’cscrviiig the l)cer f¥oin tlic (Icterioratiiif? offers 
of biictcvial activity. 'i’hC chemistry of these sub- 
stiinces is still lamciit«l)ly iiicomjtletc, notwithstaiidiiif; 
the largo amount Vork which has Ijeeii devoted to 
their study. Three distinct reiflns have been up to 
the pi-esent isolated, known res])octively as the a-, /3- 
itnd 7 -i’esins, the two first being jmsscssed of antisei)tic 
properties, and the last being devoid of any such 
power. Kor technitsd purposes it is customary to 
disting^uish merely Ix^tween the so-called ‘soft’ and 
‘ hard ’ resins, the former bcaug soluble, and the latter 
insoluble in light j)etroleum. It is to the soft resins 
that the j)rcscrvative])roi)ertics of the hopaie ascribed. 
This division is not a very scientific one, for both classes 
of Tesin uiupiestionably consist of a immlicr of sub¬ 
stances about whtch little is known. It has neverthe- 
liSis the advantage of being convenient, and does to 
some extent at least coflnote a difference which is of 
technologi(»l imjiortance. The soft resin is an ex¬ 
ceedingly unstable substance, and tends to pass very 
reailily into the hard. This change occurs in the 
hops during ordinary storage, and it is to this, that 
the greatly reduced preservative value of old hops^is 
due. It has been found that when hops instead of 
being kept at ordinary atmo^iTieric teinperatin'es are 
stored at temperatures between 30" F. and 40" F. the 
activity of the various chemical changes which jirodnce 
such marked deterioration is greatly reduced. The 
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l<jllowiiig table, due to Briaut, sliows for example the 
influence of temi)erature *011 the jtroportions of soft 
and hard resins in the Siuiie ly;>lis, when stored for 
the same time: 




Soft 

Hard 

Total 

Hops as put in bottle 

.11-70 ' 

' .d-Ki 

li-^l 

A. 

Hops ston'd seven 

months at 72-7o'^'F. H-H2 

rr'.H 

11-70 

It. 

Hops stored seven months at ori-tJ.’)' F,... 

.V15 

14-3(1 

G. 

Hojis stored sevt'n 

months at do 4d-F.... 10d57 

4-20 

14-ft7 

JK 

Hops stored seven 

months at below d2“ K. 1110 

3-57 

1407 


At the present time, wei7 large (piaotitivs of hops 
are cold stored as soon iis bought, and the brewer is 
then able to avail himself late in the season of a 
material possessing jweservative proj)ertics but little 
Inferior to those of the original hop. In close genetic; 
relationship with these resins stand Kertain substances 
of acid charactci', several of which have been obteinfid 
in a crystalline condition. 'These are the so-called 
hop-bitter acids. These substances, like the resins, 
arc charsicterized by great instability, passing readily 
into resins, either on exposure to air or when boiled 
with water. One of these acids yields mainly valeric 
a^id on oxidation, and it is to this that the cheesy 
odour of old hojts is due. Since the i>rescrvative 
properties of liojcs do'' Undoubtedly reside in the so- 
called soft resins, many attempts have l)cen made to 
regiird the percentage of these resins as the basis of a 
chemical evaluation of hops for brewing purjmses. 



IV] 


B()ILIN(! 


53 


Speaking in general terais, it is ninincstionably trye 
thattIiosehop8(e.g.liiglielah^ Bavarian,(Jalitbrnian,etc.) 
which contain Hie lagjcst proi’ortions of soft resin as 
(leterniincd hy extraction witli light jietroleuin, are 
those whicli jiractiaH experience has shown to have 
the strongest preservative jiroixjrties in jiractice, and 
tliere can he no donht that the method is, within 
certain limits, a very iiscfnl one. It cannot Ixj denied, 
however, that it has its limitations, and much work 
will hiive to he done J.K!fore tlic precise parts played 
hy the vairious resins and hitter acids in the preserva¬ 
tion of licor is fully understood. 

It has already been stated that the resins occur 
almost entirely in the lupulin of which they constitute 
/rom ,50 iier cent, to 7o jicr cent, or more. Hops 
grown in ditfereTit countries differ not only in the 
jicrcentage of resin which they contain, but also in 
their aroma, which depCnds on the precise composi¬ 
tion of the essential oil, a fact which often inffuences 
the brewer in selecting the blend of hojis to be used, 
llojis like very many other plants contain tannin, in 
amount varying from about 3 per cent, to 5 or (> per 
cent. At one time considerable importance was at¬ 
tached to this constituent, since it was thought to T)c 
a potent factor in the coaffulation and suliseiiueut 
removal of undesirable protein matters from the wort. 
That it is operative to a small extent in this direction 
is true, but there is no ground for supposing that any 
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definite connection exists between the ricliness in 
tannin of hops and their* value to the brewer. In 
addition to the above con8titnei||ts lioi)s contain gnm- 
like lK)(lies and a nmnber of nitr(j<;enons compounds 
the precise sifjnificanic of which in brewinj; technoloffy 
is not yet completely understood. It had' long been 
known that the addition of a small (piantitv of fresii 
hops to beer in cask was usually followed by an out¬ 
burst of fermentation, a fact, which did not receive 
an ade(iuate ex])lanation untij Brown and .Morris 
showed that like most pkxnts they contein' <liastase, 
which, of course, converts some of the malto-dextrin 
present into rcJidily fermentable maltose. 

With this brief account of the more imiwiant 
constituents of the hop,.it will now be possible to. 
understand the genei'al character of ttie changes occur¬ 
ring during the boiling process, and it will perhaps 
conduce to clearness if we consider seriatim the five 
objects given on ])agc 45. The first, and not the 
leiist important is the sterilization of the wort. It will 
readily be understood that the wort when it reaches the 
copper contains enormous numbers of living organisms 
of many kinds (chiefly bacteria, yeasts, and moulds) 
derived from the surface of the malt and other 
materials used in the* fiiash-tun, the mashing tem¬ 
peratures Ixnng as a rule too low to effect the 
destniction of vast numbers of such organisms. 
Although hopped-wort does not constitute a very 
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favourable medium for Uie development of many of 
these, and beer is still fcss favourable, yet those 
capable of developing would bt sulliciently numerous 
to render the finisljjjfl Iwer bad and undrinkable in a 
'very shoi't time. During the boHinj? period, however, 
these are^all d(!stroyed and the wort when it leaves 
tTie eopjier is ])crfeetly sterile, that is it conhiins no 
living organisms of any description. The second object 
of the boiling ])rocess is to ari'est tlie action of the 
diastatjp. It has alri^idy been pointed out in the 
previous tiliaytcr that the (Jianicter of the beer pro¬ 
duced is very largely dci)cndent on tlie natui-e of the 
carliohydrate constituents of the wort when it leaves 
tlie mash-tun, and that tliis in turn is dei)cndent on 
ilie extent to which the diastase of tlie malt has been 
allowed to act fliioii the starch. This jiart of the 
process is capable of being closely controlled by the 
brewer, who is able scf to adajit the conditions to 
the material to be used, as to jiroduce a wort having 
just the degree of fermentability required. Since the 
diastase is not dc.stroyed at the temperatures of the 
mash-tun, but retains much of its activity in the wort, 
it is clear that unless stejis were taken to arrest this 
activity, the convei'sion process taking place durfng 
mashing would continue, witiiHlic result thaUunduly 
large proportions of maltose would be formed and 
the resulting product after fermentation, would be 
merely an alcoholic liquid, with little or none of the 
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reserve carbohydr.ite niiiieiiial needful for esisk fer- 
mentiition, and jiossessiiiff none of the cliaraeters of 
beer. On boiling, Inol'ever, tins diastatic activity is 
coniplctel)' arrested, and so the /!oinj)osition of the 
wort is fixed. Jn rej^ird to the third object mentioned* 
on pa^e 45, namely, the c.\tra(dion of tliC ^avourin^ 
and preservative constituents of the hops, it will not 
be necessary to say very much, in view of the descri])- 
tion t)f those constituents which has been f>iven above. 
From what has lieen said, it wj,!! have l)ecn fiathered 
that the bittcriiiK and preservative cwnstituents of 
the hop are not clearly distingnisliable, but that Ixrth 
sets of ])roperties arc resident in the bitter acids and 
resins. Owing to their great instidiility these substances 
are tpiickly decom]>osed in the copper, liccomin^ 
largely converted into antiscptieally* inert substances, 
and conse<picnt]y their subjection to a prolonged 
period of boiling is objectionable. < >n the other hand 
the fidl bittering eftbet is not so easily obtaitjcd, and 
consecpiently the brewer is compelled to adopt a pro¬ 
cedure which is in the nature of a comju'ouiise, that 
is to say some of the hops are iulded at the com¬ 
mencement of boiling, the remainder (usually the 
best) being iuldcd shortly before the completion of 
the proeess. In this w'aj it is probable that the best 
results are obtoined from the hops, both in respect 
of preservation and flavouring. Reference has been 
already made to the advantage of this procedure in 



re(hiciiif; to some e.vUoit, the loss oi' essential oil. Tljc 
((uality of tlie lio|)s and Ihe ])ro|)ortions used will 
naturally dei)end n|)oii the elass of beer to he brewed. 
'I’lms in the brewyij; of slock ])ale ^les and bitter 
l)eerR larfjer (|nantities of hojis, find those of sujterior 
l^iiids, wilj’have to be used, than in the ease of mild 
heel's. I'he, reasons for this are twofold. In the first 
place the former beers must have more hop flavour 
than the. latter, and in the second, they are usually 
e.xpeeted to remain syund for a much louder period 
and consOlpioiitly need mor* of the jireservative eon- 
stituents. In beers brewed for export, this is par¬ 
ticularly the case, since such beers are often exposed 
to very great strain, as for exaiu]>le in tropical 
countries, and in their production large proiMirtions 
of the best and strongest hops are iuvai'iably employed, 
if may not Ix) out of jdacc to refer here to an im- 
IMU'tant diftercnce betifeen the great bulk of the 
beer brewed in this country, and the lager lieer of 
the (Jontinent and .America. The latter beer, when 
brewed, is kept for a considerable time (often some 
months) in casks stored in cellai's kept nearly at the 
freezing point. When this lagering process is co^n- 
plcte the beer is transferred to the trade casks, and 
must be quickly consumed if ft is to be drunk at its 
best. In the brewing of these heel's the Continental 
or American brewer uses a much smaller proportion 
of hops than is usual in this country for stock beers. 



6» BREWING [CH. 

tl^e reason beius' that whilst the English brewer has 
to rely almost entirely on the hops for the keeping of 
his l)oor, tlie lager beef is preserved by being kept at 
very low temperatures. ^ ^ 

We may now con.<i(ler the fourth object of Iwiling,' 
tliat is tlie ])roei])it!ition of nndesii’able ])roteiu 
matters. I'he mash-tun w'oi't eontains nilrogenmfs 
substances of many kinds. Together with such com¬ 
paratively sim])le 8id)stances as amino-acids and 
amides, it conUins soluble ^ and non-coagulable 
products of protein liydrglysis, such as proteoses and 
peptones, and finally more complicated proteins which 
though soluble in the wort at the temperature at 
which it leaves the mash-tnn, are converted into 
insoluble substances (coagulated) on boiling. It’haii 
alrciuly been pointed out that duWng the malting 
(germination) i)rocess the proteins of barley undergo 
considerable change, being imnvcrted by the proteo¬ 
lytic enzymes of the grain into simpler and more 
soluble products. I’hc resulting malt, therefore, 
contains a much larger ])roi)ortion of its nitrogen 
in the form of soluble and non-coagulable products 
than is the case with the barley from which it has 
been made, and this process of enzymic hydrolysis 
and simplification proVieeds during the mashing pro¬ 
cess. Many of these simpler nitrogenous substances 
are necessary for the nutrition of the yeast during 
the subsequent process of fermentation, and their 
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presence in tiie wort in siifficient (piantity is tlieref(n;p 
of tlie liiglicst iinportiuice. The more complex jiroteins, 
liowever, arc so fur as is known hscless for the jinrpose, 
and as their prescn^t/in the finished hcer could only 
*liave the effect of seriously diitTinishing its keeping 
])ro|»erties •(to say nothing of its brilliancy), their 
removal is in tlie highest degree desirable. For¬ 
tunately these iwoteius are rendered insoluble on 
Ixiiling, and can, therefore, be readily removed when 
the boyed wort is sul^se(|nently filtered in the ho))- 
back. 'flje lijst object of the boiling process is to 
effect the rciiuisite concentration of the wort. In 
order to wash out of the grains in the mush-tun the 
whole of the soluble saccharine matters it is necessary 
to employ somewhat considerable volumes of water, 
and some of this Has to be removed by evajioration in 
ofder to reduce the wort to the luscessary volume and 
gi'avity. A moment’s ciJnsideration will show that in 
the brewing of say one hundred barrels of licer, it is 
necessary to use much more than one hundred liarrcls 
of water, cpiite apart from that reipiired for washing 
purposes and for cooling. In the firet place the spent 
grains left in the inash-tim retain a considerable 
quantity amounting to nearly .'lO gallons for every 
quarter of malt mashed. Tht*n there is the doss by 
evajxiration in the copiier and subsequently during 
cooling, the ([uantity retained by the hojis in the 
hop-back, and finally there is a small loss duo to the 
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tfansferciici! of the wort fivio one ves8cl to another. 
Speakiiiff roiiglily, it ina>* be siiid that in tlie actual 
brewinj? of one Imndfecl barrels of lieor abont one 
hundred and tliirty barrels of wi'Jt^r would be required. 
Brewers’ coi>))ers vftry a {^ood deal in construction* 
the majority beiiifi; open, wdiilst others art closed and 
so constructed that the wort can 1 k! boiled uiidtr 
slight ])ressure. The effect of the increased iiressurc 
is, of course, to raise the boiliiifj-point of the wort 
a few decrees, and to bring about the extraction of 
rather more matter fi’ojn the hops, tjian* would be 
the i^ase with an oiien copiier. It may be doubted 
whether this is ever desirable, and the general con- • 
sensiiK of o|tinion is undoubtedly in favour of boiling 
under ordinary atmospheric pressure. Boilinjf bv 
steam is largely replacing the oldflr method of fire¬ 
boiling, being cleaner, more convenient and imtre 
economical. When the wort has lieen boiled for the 
requisite time (usually about two hours) it is alloweil 
to flow from the cop])er into a wooden or metal vessel 
known as a hop-hiu'!;. This may be of any convenient 
sha])e (usually round or rectangular) and is provided 
with a false bottom consisting of a series of perforated 
metal plates. The object of this vessel is to retain the 
spent hops, and to allbw the wort to lie drawn off in 
a fairly bright condition. Since the hops absorb a 
good deal of wort, it is usual cither to wash this out 
by sparging with hot water, as after mashing, or to 
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obtain it by means of a fBiitiible i)ress, to which th^ 
residual spent hops arc tfansferred. The layer of 
hops which covers the^falsc bottbni acts !is an excellent 
filtering medium, ke^jifting itac^k the eoagniated proteins 
Tcfcrred to above, and enabiing*tiie wort to pass to 
the next ^stage in a purer ami inighter condition. 
hVom tiiis j>oinl, of view it is obviousiy (iesiraide tiiat 
tile area of the hoji-back siionid not lie too iarge in 
relation to the volunu! of wort to lie dealt witli, so tliat 
a layei; of hops sniiicjently deep for good filtration 
may be oUtaiijed. It may [icrliaps lie mentioned lierc 
that the quantity of hops used in the lirewing of Iieer 
' in this country varies from aliout 1 lb. per barrel of 
beer in the case of mild ales to four or five times that 
quantity in the case of fine iiale ales, strong stouts, 
and certain exjxTi’t Iteers. Wlien sugar materials 
(invert sugar, cane-sugar, glucose, etc.) are used, it is 
customary to dissolve them in a sejiarate vessel and 
to run the solution into the cojiper, or they may be 
added directly to the wort in the cojipm- itself. In 
Chapter 111 reference has been made to the fact that 
the various classes of beer reipiire for their production 
water of different minci'al character, if the best results 
are to be obtained. Taking on the one hand a sifft 
alkaline water such as is obtahitid ti'om the deo() wells 
in and around London, and on the other a hard 
gypseous water such as that derived from the wells in 
Burton-on-Trent, it may be useful to refer here to 
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cjjrtivil) differences whieti Uiesc waters exhibit and 
whicli arc of iinportanee Woni the In’ewiiif? point of 
view. In the first place, the shifter water will prove 
rather more extractive in the Ai|j.sh-tnn, and also in 
the copper, t'roin *the hops it has a tendency to* 
dissolve certain coarse and unpleasant 4^tter siib- 
stiinces W'hich are not dissolved to the same extent 
by the harder water, and it also jn'oihices wort and 
beer of rather higher colour. Worts, moreover, which 
have been brewed with the .hard gyJ)seou^i water 
‘ break ’ better on boiling, than those, brswed with 
a soft alkaline supidy ; that is to say the coagulable 
proteins which are rendered insoluble during boiling, 
form larger and more coherent masses, and so^arc 
removed more completely duiing the hop-back filtra* 
tion mentioned atove. 


(UlAPTEB V 

The next sbige in the conversion of malt into 
beer is the cooling of the wort to the temperature 
at whieh the yeast is'atlded and fermentation com¬ 
mences. Simple as this statement may apjaiar the 
cooling of the wort is one of the mo.st impoitaiit 
and, in some respects, most troublesome of all the 



V] 


co()i>iN(; 


procedurcH which ;><> to lUJike iiji tlic hrcwiiiff pi-occsj^ 
Tlic mere lowcriTig of teiiipSrfituro presciitH, of course, 
no difficulty, hut it hjis to he I’emciubcivd that wort, 
even when liop])e(h Si not an unfavourable medium 
for the development of a varietv'of liviiifi; orpinisms, 
which as tl»e result of their life activities brin>? about 
cfiomical changes which may render the rcsidting 
beer unpleasant in flavour or even (juitc undrinkable. 
As will be seen later such organisms may be cither 
baetcr^ or certain sjmcics of yeast, and the. chief 
aim of Ukj lnewcr at this »tagc is to cool his wort 
to the required temperature and at* the same time to 
protect it from infection by such undcsirahle organisms 
which are always present in the air. As a general 
fill?, the cooling j)roccss takes place in three stages. 
In the first place'thei-e is a small reduction of tem- 
pSratnre during the short time the wort is in the 
hop-back, then there is a further consiilerable lower¬ 
ing of temperature on the cooler, and finally the 
teinjKjrature is reduced to the required ])oint by 
being passed over one or more refrigerators. 

The cooler is a shallow rectangular vessel made 
of iron, copper, or wood, and is usually situated near 
the top of the brewery and in such a i>osition that 
air may have free and ready “access to it. As this 
vessel is almost invariably at a much higher level 
than the hojsback, the wort is pumped from the 
latter vessel on to it and allowed to remain as a 
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r^ile until its temperature ,luis been sullieiently re¬ 
duced to permit of its boiitf? run over the i-efrigerator. 
Since on tlie cooler the wort js only a few itiches 
deep and conseipiently in'csentil very large surface 
to the air, it 'is clehr that under ordinary circum-* 
stances immense numbers of organisms*of various 
kinds must fall into it. As a rule the i-oom in whicli 
the cooler is situated hius open louvre boards on all 
four sides, so as to allow as much air as jiossible to 
pass over tlie cooling wort and^to faialilAte the,escape 
of steam. As, moreover, breweries ari; usually built 
on or very near to main roails, it will easily be 
understood that the air which obtains access to the 
wort, iMirticularly during dry, dusty weather, is very 
rich in all kinds of micro-organisms. I’l-ior to th<i 
introduction of refrigerators, the ‘wort had to be 
cooled entirely on the cooler, which freipieiitly nh- 
cessitated a sojourn of 21 flr Iki hours, particularly 
during the summer months. It will readily be under¬ 
stood that under such circumstances it was often 
impossible to brew beer possessed of reasonable 
soundness, and so notwithstiinding their greater 
alcoholic strength as comi)ared with the beers of 
to-day, iind the larger proi)ortion8 of hoj>s used in 
their production, thev'^ere frequently sour and un¬ 
drinkable, almost at racking. In fact it was found 
that beers which had to be stored for any time could 
only Ih) brewed during the winter months, anil even 
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then theii' stiibilitv was .often very prohlcmaticaV 
'Pile introduction of refrij;ei?itors marked an epoeli in 
bi-ewing practice, sine^ it enalile.d liie brewer to cool 
the wort to the reipy^ed tcm[)eratnre in a very short 
lime, and with a minimum cxpofdire to the air. lle- 



frigerators are ordinarily of two forms, the vertical 
and the horizontal. In both,*lfowever, the priticiple 
is the same, the wort running over metal tubes 
through which cold water is made to flow. 'I'he cold 
water in the vertical form (fig. .'i) is admitted to the 
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iiwest tiibo at (a) and tliciice ])asscK nuccessivcly to 
the othevH, and finally flows away at the to]) (h). The 
wort piisscs from the tronfiih V) through a series of 
small holes in, a thin film over I,he outer surfaee, and 
when it reaches the pan ((/) has been reduced to the 
temperature necessiiry for the aildition the yeast. 
In the majority of breweries at the i)resent day, both 
a cooler and a refrigerator are emidoyed, but some¬ 
times the cooler is done away with entirely or is 
replaced by a deej) recei\’iug, vessel, a system which 
has much to recommend it, as I shall ^ho\t' later. It 
should be said, however, that the cooling of the wort 
is not <piite the only function of the cooler, t’ertain 
of the constituents of the wort have the pr()})erfy of 
absorbing ox 3 ’geu from the air ^at tolerably hi{?li 
temperatures, and this ‘ hot aeration ’ as it is called, 
to distinguish it from the cold aeration or absorption 
of oxygen by the cold woA while passing over the 
refrigerator, is very generally regarded as beneficial. 
It is true that some authorities have (piestioned its 
importance, but 1 think there is a general consensus 
of opinion that these more or less obscure oxidation 
«hanges arc desirable and that they do exert an 
appreciable effect on the brightening capacity of the 
finished beer. It is fortunate, however, that these 
changes occur most actively at elevated tempera¬ 
tures,—about and it is very doubtful whether 

much if any advantage in this direction is gained by 
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allowiiijr tlic t.oiiHK'ratiife* (^f the wort on tlic coolef 
to fall below,—wiy KiO F. A tiirther |■||ll(•tioIl of the 
cooler is to ])ermit of^the deposition of the eoagulateij 
jtroteiii matters from the (fooliiijj^ wort> and to leave 
the bulk of these behind when the wort is run down 
o^J^.“r the •refrigerator, 'i'his insoluble de|)osit is 
technically known as the ‘cooler sludge.’ There can 
be no doubt that if the wort on (he cooler could be 
reduce<l to a comparatively low tenii)eratnre under 
conditions rendering bacterial infection impo.ssible, 
the shalloV \Aissel of huge* area lyis much in its 
.favour. In practice, howevei-, this is vei’y dillicult, 
and many brewei’s have found that they can secure 
the ^naiti benefits of a cooler without i(,s serious 
dfawbacks by substituting for it a deei)er ves.sel of 
much .smaller are:u l!y spraying the wort jnimped 
from the hop-back into .speh a vessel suHicient ‘ hot 
aeration’ is secured, and if it is not possible to keej) 
the protein sludge back as (completely as with a 
cooler, the advantages on the score of diminished 
infection are so great as to render this consiikcration 
of little importance. Above l.aO'F. the wort is 
practically sterile, and the brewer shoidd cndeavoni* 
by every means in his ])ow(;i‘, b) ensure that the 
temperature of the w'ort when it rtcaches the re¬ 
frigerator shall not be a|)])recia.itly lower. Assuming 
the wort to be for idl practicid jairposes sterile when 
it reaches the refrigerator, the next consideration is 
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Vow tro avoid B(!rious iiit^ction wliilc tlio wort is 
passiii;; over tlmt j)icee of plant. It has heeii pointed 
o)it tlmt the wort runs over tlr^' refrigerator tubes in 
a tliin film (this is (;leaily iieeessury in order to secure 
rapid cooling) and it will be obvious that the sui'face 
exposed to the air by a brewing of say <a liundvcd 
barrels must be enormous. The ade(]uate protection 
of the wort at this stage does not, however, present 
any very scrions diflicnlty, since it is not a diflictult 
matter to enclose the refriger,.tor, or refriger.itors, in 
a tightly eonstrucled room capable of beilig sujjplied 
with fdtered air, tind this is the procedure adopted in. 
most modern bi’cweries. 'I’he pnrilieation of the air 
from niiero-orgaiiisms is ('ffecteil in many ways,,such 
as by ])assing it oviw numerous trjiys containing jelly 
or by causing it to traverse cotton wand or ot(her 
fdters, the fdtering matm'ial being usually kept moist 
in order to increase its ellieiency. 'The air so filtered 
is then injected by means of a fiin into the refrigerator 
room, and in this way the steam is removed and the 
surface of the cooling wort is brought into contact 
w'ith a constant supply of jmre air. Whilst it is 
•accessary to protect the cooling wort from air-home 
infection), it is also of the highest imj)ortanee that 
the refrigerator itself should be in a scrupulously 
clean condition, and the efforts of brewers’ engineers 
have during recent years been directed to so improving 
the design and construction of this important appliance 
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as to veiidci' (tloaiiinf; a ^simple o|)cra tio)>, and the 
lodsmeut of dirt ja'acticallj iin|)ossil)le. llidcss tlio 
greatest care is taken dirt is w-ry liable to ac,cumu- 
lato in the corners wjfT-re the tnbes enter the n|)right 
Bupports, and as thiS will always•ontafii inninncrablc 
living organisms, it is ipiite easy foi' a whole brewing 
t<f be infdbted and s[)oiled by being |)assed over a 
refi'igci'ator which is not i>ro])erly clean. It will be 
seen then that itd'ection of the wort may occur either 
on the cooler (whenever the temperature falls ajt- 
precialTly ^below 1 to T'.) or^on the refrigerator, and 
may be cause*l either by air-borne»organisms or by 
those derived from contact with dirty surfaces. As 
showing the amount of infection which may be caused 
by % refrigerator which has not been thoroughly 
leaned, 1 may s»y that 1 have; on many occasions 
fwind the wort at the top of the refrigenitor practi¬ 
cally sterile, whilst samples taken at the same time 
from the j)an have contained as many as ;!,000,000 
organisms of various descriptions, i)er litre. Fortu¬ 
nately numlK’.i's such as these are not as terrible as 
they may at first sight appear to be, since hoj)ped 
wort ami beer are not very favourable media for the 
growth of bacteria in general. Thus, Zikes has sho^fil 
that of 107 varieties of bactoida experimental with 
(including biieilli, microeoeci, sarcinae, and spore- 
forming bacteria of various kinds) only la percent, 
coidd develop in hopi)ed wort, jirovided that the 
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wort vvMs siniiiltaiieoiisly socdod witli yeast, and tliat 
^Jnly :> per cent, wei’e capable of jfrowinfj; in beer at 
]()"(!. and ;f7 ])er cent, in beer at C. On the 
other hand, it must not lie fTi^'f^otten that bacteria 
reproduce witt'i enwiiums rapidfiy under favourabb. 
conditions, and that tlu' organisms which.arc capable 
of bringing about disease-changes in bfcer are 'of 
very wide.spread occurrence. Zikes’ c.\])eriinents, 
which dealt more particularly with water bacteria, 
ar(! in accord with some of my own observations in 
connection with air-bonie bacteria, fori liavpobserved 
that in many cases the proportion of bacteria cai)a.b]e 
of developing in hoi)pcd woi't does not e.xceed ii pci” 
cent, of the tobd number falling in. This fact points 
to an im[)ortiint, dilference between infection difc to 
chance air-cai'ried organisms and that causeil by 
dirty suifa(;es such as I have referred to above. In 
the latter case (he orgiinismo which have survived as 
the result of a kind of natural selection are all capable 
of growing in hopped wort and many of them in beer. 
They are in fact all etfective, aiid a given number 
thus introduced is .'dmost certain to have a much 
greater effect on the wort and beer than a similar 
iliimter falling in from the air. It must be re¬ 
membered, moreoveivthat liacteria are not the only 
organisms wliich the brew'er has to fear, since some 
•species of yc'ast ai’c ]iathogcnctic to beer, and these 
flourish withouf, e.\ce|)tion in both wort and beer. 
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'I’licse so-called ‘wild yeasts,’ to distiiisiiisli them 
from the industrially useful or ciiltiii’c yoiists, ar)f 
usually present in considerable numbers in the air 
from June to Sc'pt^nber, after which date they 
Kipidly diminish. rtrowiuK as tluty do“on the surface 
of ripe fruit,s such as cherries, ])lums, strawberries, etc. 
it*will be flbvioiis that woi't infection by these yeasts 
is more likely to be serious in the case of breweries 
situated in the country and in the neighhoui’hood of 
orchards and fruit gardens, than in those in towns, 
althoujjli J.his is not By any means always the case. 
Since the thermal death-point ofr these yeasts is 
usually about 1 Kf F. it follows that no intection is 
to be feared on the cooler if the worts are run down 
at (fl‘ above that temj)erature. It is while the wort is 
rumiiiift over the* refrigei'ator that such infection is 
n«)st likely to occur, and as luis been indicated above 
this ciui be almost entirely |)rcvented by taking care 
that the refrigeration is carried out in an atmosphere 
of purified aii'. 

fVom the above, it will be gathered that the 
operations of the brewer are greatly complicated and 
rendered much more dilticuit liy the necessity of 
working under what may, for want of a lictter terfli, 
be called ‘aseptic conditions* Merc cleanlijiess is 
not suflicient, ami the modern brew’cr has to be 
almost as constantly on his guard against the intro¬ 
duction of pathogenetic organisms as has the modem 
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(jjiirgeoii. Ill ]!!7''> l’aateiir,;is tlie result of his ejioch- 
luakiuK labours, wrolo the two followiiif? sciiteiiccs; 

‘Kvery luiliealthy'chauj^e iii the (|uality of beer 
eoiiicides witli the (levclojiincirf. of iiiicro-orijauisnis 
foreifi^i to brewers^ yeast, propeVly so-called.’ 

‘The absence of ehaiifie in wort and boer coincides 
wdth the absence ol'forci};n inicro-ori’anisins.’ ' 

'J’hese two short stat einents einhodied a great truth, 
and virtually marked the transition from darkness to 
light, and from chaos to order. Somewhat extended 
and modified as the result of^ more recent research 
they arc rccogni.sod as the foundation stone on which 
so much of modern brewery jiractice is built, and’ 
without which real success, if attained at all, would 
be largely a matter of chance. It has already fcoji 
stated that in some breweries whtre the cooler has 
liceii abolished t here is not even a collecting vess'el, 
and the wort is ]inm|)ed from the ho)>-back directly 
over the refrigerator. I do not think that this is 
altogether the best system, but it caunot be denied 
that in many cases it yields |)crfectly satisfactory 
results. A greater strain is, of course, thrown on the 
refrigerators which must have a largei’ cooling capacity 
tfiaii would otherwise have been necessary, that is to 
say, if the wort is to 'Ikc cooled down in reasonable 
time. It is customary in some breweries to pass 
artificially cooled water through the lower tubes of 
the refrigerators, and thus to increase their cooling 
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power. Wlicii llierc is jefriKeratiiig rnacliiiiery tlie 
plan is a good one. Wliilw tlie wort is passing over 
the refrigerator in a thin layer it absorbs oxygen from 
the air, that is, of e(jnrse, as soon ius the teni|>eratui>) 
•iias fallen sultieientl\’ low. This dissoh'bd oxygen is of 
imi)()rtanett <hiring the next stage of the ])rocess since 
if is necessary for the ])ro])er a<tt,ivity of the yeast. 


(IIIAITER VI 

FHIiMENTA’I'ION 

The wort having been cooled to about 00' F. 
))asses from the refrigerator to the vessel in which 
ill* in-oeess of fermentation is to be carried out. 
Here the reipiisifc amount of yeast is added and the 
(5)ntents of the vessel ai'c thoroughly mixed. Hefore 
prociseding farther, it ^vill be necessai'y to devote 
some little space to the consideration ol yeast as a 
living organism, and then to discuss at somewhat 
greater length the nature of the ju'ocess of fermenta¬ 
tion so far as it is at jwesent Iviiown. 11 a little 
ordinary brewers’ yeast be mixed with water and 
examined by means of the microsco(>e, it will be fotftid 
to consist of a number of bdllies, some ajjproiiching 
the spherical in their contour, others beiiig more or 
less ovoid (fig. -1). 

Esich of these is a self-contained organism. 
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coiisistiiiff of a single cell. On examining tliesc cells 
ilVore closely, it will be seoai that each is houiuled by 
a cell wall which encloses the protojiltmn and other 
cpll-conte.nts. In the younger f^lls the protoplasmic 
contents are clear s*-id transtwirdlit, but as the cel)/ 



grows older, the protoidasm becomes more granular 
iiP character aial one or more (sivitics known as 
‘ viicuojcs ’ may be obsenved. These vacuoles consist 
of the cell juice, which at ccrtsiin stages of develop¬ 
ment is disseminated throughout the protoplasm but 
later tends t(» collect in one or more parts of the 
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cell. These cells are vct'v minute, having an avcraj^ 
fliaincter of only niilliinetrc (, Jjj,, inch) and an 
estimated volume of O'()0OU()(H cubic millimetre. It 
has been calculated ^fliat au onucc of [M'cssed yeast 
would contiiin no •fewer than million cells. 

Minute as .they are, however, each of these cells is 



Fig. X S<icrli. ci'imnitit' bnddiiif^. 

the seat of vital iirocesses of the greatest cvtmple.xity, 
and may, without exaggeration be said to coustiti«te 
a laboratory in which are eargetd (uit chemical (^haiigcs 
which the most highly trained modern chemist is 
powerless to imitate. If a little young yeast is 
examined micros(!oi>ically, it will be scaun that iminy 
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of tlie cells lire not single^ Imt have smaller cells 
atta(;hc(l to them, whilst* in some eases chains of 
three, four or even more may be observed (fig. 5). 

. This is the chief mode of l•el*^i()duction, namely by 
budding. Thelnid or.eurs first as if small iivotuber!Uieo»* 
on the sui-face of the cell. This (|uickly increases in 
size, until it hiis attained roughly the dimensions ftf 
the piirent cell, after which it becomes detached, 
leading a sejiarate existence, and in turn rejn’odneing 
by the same process, it often happens that before 
the offspring cell hiis scpar<ite(f from the ])jj.rcnt cell, 
it hiis itself conwienced to bud, iind so chains or 
elustens of connected cells may often lie seen. Yeast • 
is capable of reproducing itself in another miinncr 
than by budding, namely by the foi’ination of intefiiid 
s])ores or ascosjiores. The condithms which favour 
this mode of reproduction iire the emjdoyment of 
young and vigorous (ells, ii«moist surface, jilenty of 
air and ii snitiible temperature (usually iibont 25' (1). 
Under these ciieumstauces ii.nd iit the end of about 
2-1 hours, certain changes will be seen to be taking 
jdace in the protoidiismic contents of many of the 
cells. The protoidasm becimies at fimt more granular 
afid then signs of segregiition become visible, the 
coutenis of tlu! cell sepincating into several ill-defined 
jmrtions, usually from two to four, but in some 
species as many as eight. A little later these segre¬ 
gated fmrtions of highly granidar protoplasm become 
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iiweslcd with a iiiciiila'aMo aii<l it (siii tlicii be seyii 
that tlie original cell contains soinetiines one, hnt 
nsnally two or inorii well-defined s)iores (fig. (i). 
During the foi^mtion and devclopinent of the 
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spores the parent-cell swells considerably, and in the 
end bursts, liberating the spores, each of which con¬ 
stitutes an individual yeast cell and is capable of 
reproducing in the ordinary way by budding.' During 
recent years nmch study has been devoted to the 
precise mcchanisin of reproduction in the case of 
yeast For long it lias teen known that every yeast 






Fig. 7. 1. Nucleolus. 2. IV-iiplicral laver ot cbroinatin. 3. Chromatin 

patch on one side of nucleolus. 4 . Nuclear vacuolo. o. Central volutin 
granule iu the vacp<»lc. 0. Chromatin network. 7. (xranuloH of fatty 
aubstance. 8. Volutin granuh's. ‘.h Glycogen vacuoles. 10. Delicate 
suspending tlueads for the central volutin granule. (After Wagor.) 
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cell contained a nucleuK but the true nature an;l 
function of this has only coinparatively recently been 
made clear through thy work of JansseiiK and Leblanc 
and especially of W^tger and I’cniston.,, The last nicif- 
tioned authors have shown that ewery (’ell ])Ossesses a 
‘nucleus’.jind a nucleolus and they have adduced a 
good deal of evidence to prove; that the former is 
identical with the main vaeaiole of (lu; (;ell, and that the 
latter is a homogeneous body which is always found 
to be iy close contact y ith the mudear vacuole (fig. 7). 

During budding, divisicu of the nucleus takes 
pliice, accompanied by constrict,ioTi Itfto two approxi¬ 
mately eiiual parts, one of which [lasscs into the bud, 
whyst the other remains in the parent cell. 1 )uring 
I'jscospore formation the vaciioh; disappears and oedy 
the nucleolus remains. This, however, divides into 
two by a process of constriction, anil each of these 
two parts, again divides bito two so that four nuclei 
arc formed, each of which becomes the nucleus of 
a spore, and conscipiently of a new cell. Darker has 
called attention to a process of true conjugation in 
the case of a certain s|)ecies to which he gave the 
name Zi/gomccJiaromi/coi. llndei’ cciiain conditions 
cells of this yeiist formed buds which gradually de¬ 
veloped into long l)cak-lik5 'processes. AVhon the 
‘beaks’ of two adjacent cells touched one another 
union took place, the tips of the beaks disap|)eared 
and a tubular connection was so established between 
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tiic two colls, cacli of whi«li tlicii ])ro(luce(l one or 
nion^ spores. Interesting iis tliese plienoinena are 
to the biologist they do not, closely eoneern the 
praetical brewer, since niider th#,or(linary eonditions 
of the brewery )*5ast always reprodnee.s by tlnf 
]>rocess of budding. Unlike certain other^nii-cellular 
organisms and the higher plants the yeast cell 
eontains no (ddorophyll, and is not therefore able to 
obtain its carbon by the decoin])osition of carbon- 
dio.xide. In this res])e(;t it rqfienddes tin; fiyigi, in 
which great natural famUy it is includi'il. »()wing to 
its ordinary mode*of rejn-odnetion, it is classed among 
the hitddiutf fiiimi, and lastly its ability to form 
aseosporcs coinjdetes its claim to belong to the genus 
Sarchdroiiij/rcs, a groiij) which compi’i.ses all the im* 
portant organisms which prodnea! afeoholic fermenta¬ 
tion. Like all fungi, the yeast organism uses up 
o.xygen and gives olf earlaTn-dioxide, and it is for 
this reason that a sui)ply of o.xygen is ne(!e.ssary 
if the vigour of the yeast is to be maintained during 
fermentation. This j)oiut will be referred to again 
when dealing with the theories which have been 
pjjt forward to e.xplaiu the process of fermentation. 
A close investigation of the Saceharomycetes has 
revealrfd the fact thaT.*the genus includes a con- 
sidei-able nuudier of species, many of these (littering 
widely in their fermentative and other proper¬ 
ties, and that certain of these species can be again 



VlJ 


KI']RMENTATI()N 


81 


subdivided into races or varieties. Even at a compara¬ 
tively early period eertaii! ^ell-marked morpholoffic-ll 
differenecs were noticed as tlie,result of microscopical 
examination. Tims Some yeasts formed s])licrieiil or 
ovoid cells, whilst *)tbcrs were,<Jeeid«dly ellipsoidal, 
and others^ ajjain elongated and sausage sliaircd. No 
great advhnee, however, coidd he made in ditterenti- 
ating between the various species until the late 
Professor E. (I Hansen in 187!) showed how it was 
possilile to ohtiiin almost any (piantity of yeast by 
starting with <i ccU. h’or this i>uri»ose a very 

dilute mixtute of yeast and styriysied water is first 
made, and a little of this is inoculated into a (piantity 
of melted wort gelatine,—that is to say, a moderately 
sti^mg malt ivort containing Rulficient gelatine to 
cause it to s(didi% when cold. A drop of this sidutiun 
is then examined by means (d‘ the microscope to 
ascertain whether it is lydliciently dilute in resjicct of 
yeast cells,—that is to sixy, whether the cells are well 
sepanitcd from one another and are so far apart that 
the cidonies resulting from their develojnnciit could 
not possibly meet. If such is the case a drop of the 
gelatine mixture is sjtread out in a thin layer on 
a microscope cover-glass, on which it sididifics. ^It 
is then ])laceil, with the gijatine downwards, over 
a small glass cell containing a drop of water to 
keep the gelatine suid'ace moist. Several yeast cells 
which are well separated from one amdher, are then 
0 . a G 
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pickcfl out by iuicr()KC()])ical exaniiiiatioii and tlicir 
^lositioii on tlic glass coyer marked. Tlie slide is 
then ke])t at a snital.'lc fcnijyerature, and in a few 
days the development will have proceeded so far 
that the resulting j;-olonics wilh' be visible to the, 
naked eye. When this is tin; case a very small piece 
of sterile platinum wire, is dip|)ed into any 'one of tke 
colonies and then dropjied inio a suitable llask 
containing sterile wort. In (lie cour.se of sevenil 
days the wort w ill be found to be in a state of active 
fermeutiition and a .sullicicnt (,nantity of yea.4 will 
have been formc(,l for the ‘[(itching' of'a st'ill larger 
quantity of wort. Working in (his way a.nd [(itching 
each tiin(( into vessels ((f larger size, it w ill be seen 
that [(I'actically any ([uantity ((f yeast can be |(rc])a;ed 
the wlndo of which has originated fr((m a single celf 
I’nre cultures of the vari((ns Sacchanunycetes havin,g 
been thus i(re[(ared, it was found that mor[)hol((gieal 
characters were fretpiently u.seless bn- the [(ur[(osc of 
distinguishing between (mci species a.nd an((thci', for 
not only did many of these resemble (die another 
somewhat closely in a]([(earance, but the shape of 
any one species varied within wide limits, deiicnding 
chiefly ujion the C((nditions undcr which it had been 
grown. This method of obtaining [mre cultures when 
used iii conjunction with certain other methods of 
diflerentiation, such as the behaviour of the yeasts 
towards certain selected carbohydrates, and the 
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optitiiiitn teiuperatnjTS fty ascosporo and film forim^- 
tion, lias enabled zyinotedinidof’ists to isolate and 
describe many distinct speciffs, of some of wliicli 
numerous varieties ^ire known. It should lie said at 
once, however, that only a fei^^if tliese are of in¬ 
dustrial iiu])ortance. For toehnical puriioscs the 
y8iists may be divided into two classes, the ‘culti¬ 
vated’ and the ‘wild’ yeasts. The former includes 
brewers’ yeast, in all its varieties, that is to say, 
the yeast which has from the very earliest times 
been use^l for the prodnetimi of alcoholic beverafies, 
and has, in a sense, been cultivifl,ed*for the jiurposc. 
This yeast represents so far as is known one s|iecies, 
namely' S(irrli(irumi/(:<:n rfrcr'a^jite, although many 

radbs and varieties are known which ditl'er consider- 

• 

ably in certain re*iiects, as for instance in the rapidity 
with which they briuKabout the fermentative chanf?e, 
the degree of attenuathin (i.e. fermentation) which 
they can effect, ainl the flavour of the beer jii'oduced. 
Of the tSdccliaromi/rrs cercrisidc. there are two main 
types known resjiectively as ‘ top’ and ‘ bottom ’ yeast. 
The former rises to the surface during fermentation, 
and is the yeast used in English breweries, whilst the 
latter sinks to the bottom of the fermenting tun, and 
is used in the jirodnction of’Iflger beer as brenved on 
the Continent and elsewhere. The ‘ wild ’ yeasts are 
yeasts which oceiii' wild in nature, and fmiuently 
liaving their habitat on the surface of ripe fruits, 

(i - i! 
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fft'tcn find tlicir wiiy into tlnj brewery. Some of these 
wild yeasts, (nsiii};' tlie teun in its widest sense) are 
capable of fnltilliiifj iVsefnl fiinelions in connection 
with cask fermentation, bnt oth.ers are highly un¬ 
desirable. Alt'hongb in his stnlly of the various* 
‘diseases’ to which beer is subject Pasteui- chieily 
concentrated his aftention on the bacteria,'lie did ntit 
altogether overlook the jiossibility that certain of the 
yeasts might be ]iathogenetic in character. It will 
be obvious, however, that no definite, information in 
this connection could be,obtained until lla,nsen had 
shown how to dis-i indnate between tlie various s])ecies. 
ft was then found that cei-tain species of yeast were 
as much to be feared as many of tlie ba(d.eria. 'rims 
Soccit. /'((,stor/o«».s-/i»roducesa nanseonsbitterttav()Uj' 
and a disagreeable smell; Siirrli. J'liStoriaiiiiif III and 
Sdcc./i. 11 ])ersistent turbidity, ySVovA. 

(iHoiiKitiix a jironounced friKty flavour, Siirrli. i/ieix 
a disagreeable bitter flavour, and Sarcli. forlidiix, 
stench. The following jihotomicrographs will give 
some idea of the microscopical apjiearance of a few 
of these ‘wild’ yeasts. Swell, ellijixiiideiis (fig. It.) 
Siieeh. Pdxforlimiix (fig. 9). Sdeeli. aHimudiix (film) 
(fig. 19) and iSareli. djiieiildtiix (fig. 11). The last 
inentio.’ied organism ought not properly speaking to 
be included among the Saccharomycetes, since it has 
never been observed to form endogenous spores, but 
its apiwarancc is very characteristic, and it often 
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finds its wny into tlie ooolinff wort. The tbllowiny 
may perliajis he regarded as the more usual ways in 
wdiieh infection with iw ild ’ yeasts takes place: 

(1) Direct aeijd infection^ usually at tlie re- 
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frif'eratin;; stage, more rarely on tlie cooler or in tjjc 
fermenting tun. 

(2) Indirect aei'ial infection; that is to feiy, by 
dust wluch has accumulated on prominent internal 
surfaces of the cooler, refi'igerator or fermcnting-tun 
rooms, and which luus become dislodgeif by wind. 
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•• (;t) Siirfiicc iiircctioii, o'.' infection duo to ‘nosts’ 
fonnod in tlic soft or ojd jiarts of fennontin'!; tuns or 
3 'cast backs. ^ 

‘ (1) Infection due to utnisnayy ini|mrc pitching 
j'cast, tliat is, the yeast used to start tlie fci'inentation. 
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Owing to the tendency of culture yeasts to oust the 
wild siiec.ics, especially undei' the conditions of English 
brewing, it will not. often be found that serious 
trouble can be traced to this cause. 

(5) Infection due to dry-ho])i>ing—that is the 
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intr<)(lu(;ti()ii of wild yeasts witli the ho])s added t«> 
the beer in eaisk. 

Jlow tlie more imy>oi tant soiireeH of such iiifeetiou 
may l>e guarded against has alrrjidy b«eii pointed out 
in the jirevious cliajiter. 

Since •even dilferent races or varieties of the 
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cultivated yeast Hdcch. irirrixiin’. exhibit diiferejit 
Iiroperties, the introduction j)f the method of pre- 
jiaring ]mre cultures from a single cell naturally 
raised the (picstion whether cerbiin selectial varieties 
(or even species) might not be successfully used in 
praetice. Such imre cultures were first introduced 
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by llaiiHcii liiiiiscif into, c'crtaiii Danish breweries 
M'ith excellent results, and the method s])read so 
i-ajiidly on the Continent as aknost to constitute a 
revolution in Crntiiy,!jdal hrewinfifi,j»ni.et.ice. For each 
brewery, cx])eriinents had first to be made in order 
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■- 7/iO. Sacefu ajiivahitiis. 


t(! find out which of a number of varieties was the 
one best suited to the^qonditions obbiiniuji^ in that 
brewery, and to the type of beer recpiired, and then 
that yeast was cidtivated in the necessary ejuantity. 
J here can be^ no doubt that, as a general ride, the 
results have lieen very satisfactory, beei's of greater 
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stability, of more uiiifoi'*ii cliaractor and of bottov 
flavour resulting. A good many attempts to introduce 
the use of selected ^inglc-eell yeast into English 
breweries have, )i(n^ver, met. with mn(;]i less siieeettJs. 
T)ne reason for this is tliat the**)nditions obtaining 
in,mo8t Kujlish breweries are such as to result in the 
jiroduction of a detinite type of yeast, which gives 
the exact class of beer reifuircd, and winch can with¬ 
out any special steps be kept practically pure, that is 
free frvm bacteria, anil other yeasts within the linnts 
necessary'for successful working. In the second place, 
there is a greater difference in cTffiracter between 
the main fermentation and the secondary or cask 
fervientation in English high fermenhition beers, than 
is the ease in lag^r lioers such as are brewed on the 
^’ontinent; and it has not hitherto been found jiossible 
to obtain with a single-ia'll yeast the iirojier cask 
fermentation which is *so imjiortant a feature in 
English brewing. 

Having now considered yeast from the purely 
biological standpoint, it may be convenient to refer 
briefly to the (jncstion of its nutrition, that is to say, 
to the various substances which it reipiires for its 
healthy development, and then to consider how tar 
these arc naturally siiiiplied'in the brewei's’ wM't It 
has been jiointed out above that yeast, like all organ¬ 
isms which are devoid of chlorophyll, cannot obtain 
its carbon from carbon-dioxide, and if is, therefore. 
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iicccssiiry to supply it in some soluble and assimil¬ 
able form. The various carboliydrates represent 
one such foi'in, and it is trom jtlicse tliat the carbon 
is to some e.vtent,^l)ut not by\juiy means entirely 
obtained, and the nece.ssary vital enerf^y indirectly 
derived. Of the jiroloidasm, nitrogen fst the nnjpt 
significant and imi)ortant constituent, and dried yeast 
eontains about )i ])er cent, or mon^ of that element 
which is eipnvalcnt to ~i() per cent, or more of 
protein matters. For the nnomfactui'e of its j)ro- 
to](lasui, therefore, it is essential that 'sidlicient 
nitrogen shonhrbe sn])|ilied (,o the yeast organism, 
and in the form in which it can be most readily 
absorbed and assimWated. Veast is, in fact, able, to 
satisfy its nitrogen reipnremeids wli,en presented with 
such simple forms as animoidnm salts, but its de¬ 
velopment is more vigoT-ous when the nitrogen is 
supplied to it in the forny of amino compounds, 
amides and pejitones, —that is to say when it is gi'own 
ill solutions containing the products of the hydroly.sis 
of proteins, 'flic more eomple.x jiroteins cannot aji- 
parently be utilized, since they are not diftiisiblo and 
ciuinot therefore penetrate the cell wall. Another 
element neces.sarv to the life-activity and well-being 
of the Jeast organism, is jihosphorus, which is [iresent 
in the form of nncleo-proteiiis and to some extent 
as phosphate. Of the inorganic elements potas¬ 
sium, magnesium, and to a less eiiteiit calcium are 
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iiidispcnsiililc as may lie jjatliercd from (lie followiiijj 
analysis of (lie asli of yeast: 

Jrrriii/i; compoxiliim^d/' ihr ad aj i/mHl {Linhirr). 


(K/>} will! ft IitUi- 

sddii 

A 
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Ijhiu- (v’lvO) 


5 J7 

Oxido of linii 


(l-oO 

riiosplmvie Acid 


r,o-(;o 

Kuljdiuiic Acid (SOj 


O-oll 

Silica . . 


i-;t4 

iiattcrs undf'tciniiiic^ 


1-02 

100 00 


The need for oxyf'cn has already heen referred 
to.. Now it so ha|)|)ens tha(,.all these necessary 
iiutrilyivc suhstanees are normally pre.seiit in malt 
wort, which constitutes in fact an almost ideal liipiid 
for the nonrishmcnt of yeast, 'fhere are the carbo¬ 
hydrates (sugars), the Amides (e.g. asparagin), pe])- 
tones and other ditfusible and assimilable nitrogenous 
substances, phosjihorus as j)hos|)hate, and sullicient 
((uantities of the salts of potassium, magne.sium and 
calcium. It does, however, ha[)])en occasionally, 
owing to tlie employment of malts of abnormal 
character, or to the use of larger proportions than 
usual of grain or sugar ad.fdhcts, that the worts are 
deficient in the jirecise kinds of nitrogenous and 
other nutriment needed by the yeast for its jiroper 
development. In such cases the appearance of the 
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j'Oiist in the fernientin^j; t«n is siieli as to indicate 
that it is not I’eceiving tlie food it re(|uires, and the 
brewer usually endeavours t(j make good the dc- 
fteien(;y by adijiug to the fermeuting wort a quantity 
of so-called ‘yeast'food’ (containing the needful nu' 
trieut materials, and siieeially jirepared Sy tlie ])ur- 
IMise. I’ressed yeast, that is yeast practically free 
from extraneous water, contains as a rule about 
7!) per cent, of water, ju'esent of course in the liipiid 
jirotoplasm of the cells. The foyowing analysiij shows 
the average composition of (b// yeast, ipid.vrill sulfice 
to give .some idCa *of the [iroportions in which its 
more inqiortant jiroxiniate constituents are jirescnt: 

t 

^hrraf/c' vompoKil'uin of (h-y yca.Ht. 


rrotciiis and other iiitroKcnouf! substances .“irH 

Yeast gum ami other carboli^'drate iiiatter . . 2;)-5 

Kflt ... ... ... « 1-0 

Mineral luatter ... ... ... ... i]-o 

Matters iindetei-mined, including some cellulose h-7 


lOO-O 

Having now considered the nature of the yea,st 
as^ a living organism, and having dealt with its ftiod 
reipdremcnts, we may jiass to a consideration of the 
interesting and im[iortitiit iihenomenon which it is 
its special function to excite, and which is known 
sm /('mimfatioii. Few cliapters in science are more 
fascinating tlfiin that dealing with tlie elucidation 
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of tlic nic(;liaiiiniii of tlie process of silcoliolic fer¬ 
mentation, a ])i'oecss \vlii(di»was deliberately carried 
out tlioHsands of years a}fo, aiaf wliieli could scarcely 
fail to attract the ay/ntion of the first man who left 
« 1m)w1 of honey e.fiiosed for ssfficieilt time to the 
air. I’o deal at length with this (luestion woidil be 
int|)ossiblc*within the limits assigned to this lM)ok, 
and as many of the earliei' theories are now only of 
historical interest, 1 propose to go no farther back 
than the later views of Liebig. Krom the chemieal 
])oint ()f,view, fei’inc^datiop consists es.sentially in 
the decomposition by means of j»‘<ist of a carbo- 
' hydrate such as de.xtro-gbicose into alcohol and 
carbon-dioxide, according to the eipiation : 

c„i!,A = 3(yi„o+ 

(lyfltlcose alcoliol ciulidn-dioxido. 

As ii matter of fact the chemical reactions involved 
are by no means so simple as the above eipiation 
would indicate, since whilst !)"> per cent of the change 
bikes ]ilace in accordance with that eipiation, alM)ut 
.I per cent of the sugar is broken np into glycerine, 
succinic acid and other products. A small i)ro]M)rtion 
of the sugfir is also utilized by the yeast for the forma¬ 
tion of new cells. In 1339 Liebig put forward tlifc 
view that a ferment (e.g. ye**) is a nitrogenovis sub¬ 
stance in a state of molecular instability, and that it 
was a peculiarity of such subsbinces that they were 
able by mere conbict to eommunicatc. this state to 
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certain conipounds such as^tlie sugars, causing those 
'lo break down intosiuij)l« i’ substances such as alcohol 
and cai'bou-dioxide. ‘This theory of contact dccom- 
[‘osition as the residt of inolecfiljtr Tibration held the 
field for inoiaf th.wlin years, bht during the latte* 
part of its life it was vigorously attaeked.by I’iistcur, 
who was then engaged ni)on Ids e])och-inaking lito- 
cheiuical reseai’ches. The controversy was a long 
and vigorous one, and in the end Liebig so far 
inodilied his oi'iginal ^iews as to admit that the 
fermentation pi'oeess wys in ‘some way coilnected 
with the life agtivitv of the organism* ]>roducing it, 
but he adhered so far to his earliei’ view as to hold* 
that this life activity was not in itself the exciting 
cause, but was oidy necessary for the formatioft of 
some j)rotein-like substance w hielf actually brought 
about the decorajtosition. This theory which Wits 
put forwiird shortly before.his death in Itt/ti is of 
special interest in comn'ction with the view' which 
is now nnivcrsiilly Jield iis the I'csult of comparatively 
recent observations. To I’iisteur belongs the credit 
of having been the first to ])rovc definitely that 
fermentiition wiis a physiological ])henomenon, that 
is to say that it Wits intiniiitely connected with 
the develoi>mcnt and- genei’iil vital activity of the 
yeast cell. He found thiit when it small quiintity 
of yciist was introduced into it fcrmentiiblc litpiid 
sattn-ited with iiir (oxygen) the oxygen Wiis quickly 
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absoi'bcfl aiifl tlie yeast iniilti))lie(l fively. Ilcfiirtlici- 
foiiiul that when the wliole.of the free oxygen hail 
been used uji, f'ei’inentatiiui j^ioeeeded I’i^iirously, 
but was aceoiuiiauied*by (^mniiarativc'ly little yeasf 
y^liroductiim. Fniut exi)erimeiil*i^)f tHis kind, made 
with several ‘organised ferments’ and under various 
co\|diti()iis,*]ic wns ]c<l to the discovery tliat wliilst 
certidn organisms were only ea|)able of living wdien 
sujiplied with jilentv of free oxygen, others eoulil 
survive the total deprivation of that element, and 
when s« deprived apjiAired to fnnetion most actively 
as fermenT!? From this he was Ivd fy couehide that 
jihere was a very intimate eonneetion between (he 
[dicnomenon of fermentation and life in the absence 
of air. Organi.sms which rei|uii'ed free oxygen he 
ciflled ‘aerobic’ a*d those which could live without 
iU* anaerobic.’ Yeast was an organism cajiable of 
living under laith sets of.condition.s, but it was only 
as an anaerobe that it functioned at all actively as an 
alcoholic ferment. It may be of interest to (piote 
Pasteur’s own words: 

‘Fermentation by yeast, that is to say, by the type 
of ferments jirojierly so-calhHl is iiresented to us, in a 
word, as the direct couseiiuences of the processes o? 
nutrition, as.siudlation and lif(*,ii'heii these arc carried 
on without the agency of free oxygen. The heat re- 
(juired in the accomjilishinent of that woi‘k must have 
necessarily been borrowed fi'oiii the dijeomposition 



of the feruiontablc matter, that is, fi’om the sac- 
‘cliariiie suhstaiiee, wlii(;li‘like other unstable sub¬ 
stances, liberates heat in underKoiug (lecoiuposi- 
tiou. F’erinentation by meitiis of yeast appears, 
therefore, to be essc’iitially eoniteeted with the prm 
perty ])ossessed by this minute cellular plant of 
jHjrfonning its respiratoiy functions, somehow,or 
other, with oxygen existing combined wdth sugar. 
Its fermentative power...varies considerably between 
two limits fixed, by the greatest and least i)ossiblc 
access of free oxvgen which‘the plant has» in the 
])rocess of nutiytioiy. if we sujtply it*wit]T sufficient 
(piautity of free oxygen for the necessities of its life,, 
nutrition and ros|)iratoi-y combustions; in other words, 
if we cause it to Ihe after the manner of a m»uhl, 
properly so-called, it ceases to k'c a ferment....(*)n 
the otlun- hand, if we dejn ive the yeast of air entirely, 
or cause it to develop in a saccharine medium de¬ 
prived of free oxygen, it will multijdy just as if air 
were jn-csent, although with less activity, and under 
these circumstances its fermentative character will 
l)e most marked.’ In a word, the yeast cell re(}uired 
oxygen for its vibil iu-tivitics, and if deprived of free 
i)xygen would obtain that which it needed by break¬ 
ing up the fermeutiilile sugars, and utilising the 
oxygen which was su])posed to be liberated in the 
process. 'Phis theory of ‘life without fi’ee oxygen’ 
was almost uinversally accepted as an explanation 
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of the process of fermcntfjtioii for a ])crio(l of nearly, 
H(( years, although it ()l)vioufily did not siij)])ly a very 
clear insight into the incchanisin of the change. It 
juirported to tell u^ (*//// the yeast cell decotnposed 
(the sugar, but not hfnr it did it, ^ml had any chemist 
been challciigctl during that i)criod to state more 
precisely \fhat (((;curred when the sugar luohaade 
was broken up into alcohol, carbon-dioxide, and other 
substances, ho would ])robably have I'efcrred it to 
some sp(!cial vital force rewident in and indissolubly 
conncSte^l^ with the* living, protoi)lasm. In 1!!!»^ 
Adrian .1. HrAwn, in the course«o#ian investigation 
on certain jdienomena connected with the reproduc¬ 
tion of yeast, obfciined some results wdneh rendered 
thifMife without free oxygen ’ theory (piite untenable. 
By a])])lying for Hie first time the haematimeter to 
tlie counting of the cells, he found that when yeast 
was Introduced into a fermentable liquid such as 
wort, the cells increased to a definite number for a 
given volume, and then ceased to multiid}'. The 
limit of increase was within certain limits independent 
of the food-supiily in the liijuid, and also of the 
number of cells originally added, jirovidcd that 
number did not exceed the maximum uundicr t8 
which the cells would increase under iiornml con¬ 
ditions in the li(|uid in question. If on the other 
hand a number of cells exceeding the maximum were 
added, little or no multiplication occurred. Hence 
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by woi'kiiiff vvitli a iiHnil)cr of cells in excess of 
the inaxiimim, iiiultiplitution could be avoided, and 
ferincntatioii idicnoihcna could be studied under con¬ 
ditions which practically eliuiinij,ted that disturbing 
factor. Working i.i ..his way, Hrowii found that aerobic 
conditions did not inhibit fennentation, but that on 
the contrary a plentiful siipiily of free oxygen actiudly 
stiniulated it, and so was forced to the conclusion 
that Pasteur’s view could no longer be uphold. There 
can be no doubt that the yeast cell does retpiire free 
oxygen for its development and for the purpose 
of carrying out ik, life activities, and although its 
fcrincntative vigour may ai>pcar for a time to be 
independent of thift element, a fresh sii))jily must 
be forthcoming, or the yeast will languish and'flic. 
In lt!97 a further and very gi'eat advance was made 
iu our knowledge of the nature of the fermeiitatir/n 
jirocess, for in that year B. Buchner showed that the 
liipiid (iontents of the yeast cell, when added to a 
fermentable liijuid, arc able to excite fermentation 
without the presence of any cells at all. lie ground 
uj) pres.sed yeast with (piartz sand or kiesclgiihr so 
as to rupture as many of the cells as jioasible, and 
hfter adding a little water and wrapping iu a cloth, 
subjected the mixture; to a pressure of about .^00 
atmospheres (8 or 4 tons per sijuare inch). In this 
way he obtained a clear, slightly opalescent liquid 
w'hich when added to a solution of sugar very soon 
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brouKlit about its fcmiei^tatioii, ju’eciscly as if yeas^ 
itself liad l>ceu used. At irst it was objected that 
small j)artieles of living jirdtoidasm liad ))assed 
through and that jf. was in these that the fernientii- 
•tive activity resiilftd. 'Phis, hbwever, was shown 
not to be tlie Ciise, for not oidy could the e.\pres.sed 
yedat juice* be evaporated to dryness at a low tem¬ 
perature without losing its activity, but it was capable 
of bringing about fermentation in the iwesenee of 
cerUiin substiinces sueli as chloroform, and araenites, 
which* i^c ])rotoi)lasm j)oi^oiis, and arc known to 
exert a powt?rfully iidiibitory o<f(*)t on tlie life of 
the cell. As a further proof that living protoplasm 
was not in question it wiis foin^d possible to filter 
tlj(y juice through a (Jhamberland filter without de¬ 
stroying its activity. From these and many other 
experiments, Jhichner concluded that fermentation 
was the result of the acliivity of au enzyme secreted 
by the yeast cell to which he gave the name ‘ zymase.’ 
As in the case of other enzymes, the activity of zymase 
is very deiicndcnt on external conditions. Thus when 
the yciist juice is heated to a temperature of about 
SO^C. coagulation occurs and the filtered li(|uid has 
no longer any apjircciable action on sugar solutions. 
In the same way its ardivitj^is very greatly reduced 
or altogether destroyed by certain substances such as 
prussic acid. The next advance in our knowledge of 
the mechanism of fermentation is due to Harden and 
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.'hb collcapoicK. Harden foiyid tliat. when he snhmitted 
yeast jniec to filtration throiifth a (.luunberland filter 
iinprcfinated with gelM.ine, he obtained a filtrate and 
ahio a rcsidue^^ on the filter. 5n e.\j)eriincnting with 
these two portions ‘into which 'the yeast juice had 
been resolved, he found that neither w:'.k j)osse.ssed 
of any power of bringing about fennentation. When, 
however, the two jiortions were ini.xed, theii' activity 
was restored. In this way Harden was led to recog¬ 
nise that the enzyme (tlie portion which remained on 
the filter) is ]towerless to, jirodnce fermentation uidess 
in contact with tffc poition which had jiassed through, 
the active constituent of which he designated the 
‘ co-cnzynie.’ The solution of the co-enzynic, the 
true chemical nature of which is still undctcnniiV(;,d, 
retains its activity even after bailing. A further 
flood of light has been thrown on tlu! nature of tht. 
fennentation process as tlie result of Harden’s in¬ 
vestigations on the ell'ect of adding .alkaline phos- 
))hatos to sugar solutions in course of fermentation. 
Such addition was always followed by a rapid increase 
in the evolution of earlxm-dioxide, and it was found 
that a definite relationship existed between the amount 
of jihosphate added and the volume of earlxm-dioxide 
lilxjrathd, a molecular'|Vrojx)rtion of the phosphate 
always resulting in the disengagement of a molecular 
proportion of carbon-dioxide. An attempt to ascer¬ 
tain precisely what happened to the added phosphate 
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in these ex])eriraents resulted in the discovery of a iievi* 
conipoiind consisting' of a liexose' sujjiir residue and 
idiosphoric acid, a))i); 4 'ently liavin;? (he eonii)osition 
(-Ulicl-h (IIJ’ 04 h it*id designati'jl Itc.r^sc pimxphxih. 
When the phosphate is added to a fermentiible so- 
lii^on in tliS in-esence of zymase and the co-enzyme, 
it is su|)posed tliat one jnolecule of sn};ar (dextrose) 
breaks down into alcohol and carbon-dioxide, whilst 
a second molecnle I’cacts with the phosphate to form 
the li^xosc ])hosphat*, the two reactions ]»roceeding 
in accorititnce.with the following cinnbined equation : 

2U,ll,,0„ + L>Na,lIl’(b 

= d(J( -I- 2C,M„< ) -h 211,0 + tUl,„( >4 (Na-d’O,),. 

• 

^•ln practice it is well known that worts containnig 
only a limited aifionnt of |)hos[)hato, but relatively 
Very largo pro|)ortions of fcrmcnbdde sugar, are 
capable of undergoing complete fcrmentiition, and 
it is clear that according to the above view, this 
coidd not happen urdess the ])hos])hatc were in some 
way or other regenerated. TTarden considers that 
the yeast cell contains an enzyme t() which he has 
given the name ‘ hexo8ephosi)hat!ise,’ the function of 
which is to etfect the hydrolysis of the hexosephoi^ 
phatc in the following mamKr: 

C«H,„()4(Na,P04), + 211,0 = C»H„0. -1- 2Na,HP04. 

^ A Ju’xosc is a sugar coutaiuiiig six carbon atoms in its molecule* 
such as dextrose. 
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Suniniai'ising the abover statements the following 
may l)o I'egarded as the most recent view of the 
fermentotion change. , 

The enzynie zymase and its eo-enzyme together 
(u:t on tile sugar* ('liexose) in Ihe presence of the' 
jihosphatc, in such a way that one half rtf the sugar 
is decomposed into alcohol anil carbon-dioxide, whilst 
the other half unites ivith the phosphate to form the 
liexosephosphate above referred to. The pho.sj)hato- 
is thus rendered temporarily iiyijierativo, but is lilie- 
rated by the action of theenzyme ‘hexos,cphei'phatase,’ 
which reproduefls the sugar and phosjihate, and so 
the cycle of change is ready to be repeated, i’his 
theory at least explains all the facts at jiresent 
ascertained, but there can be little doubt that very 
much work remains to be done before we can feel 
satisfied that we know exactly what hajipens when a 
molecule of sugar is deconfposed at the instance of 
the yeast cell. As in all cases where living organisms 
are concerned, the jirocess is one of very considerable 
complexity, and compared with the apparent ease 
and rapidity with which the wonderful changes, 
gummed up in the term ‘fermentation,’ are accom¬ 
plished by the yeast organisms, the triumphs of the 
moderfi organic chemis‘l‘'pale into insignificance. In 
the words of I’rofessor Meldola: 

‘When we can transform sugar into alcohol in the 
laboratory at'ordinary temperatures by the action of 
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a synthesiaed iiitrogoTKius,organic compound: when, 
wc can convert glucose intfi citric acid in the same 
way that Citroinyces ^-an efle(*t this transformation 
...then may the cliemiat i)roclaim wjth collf^den^e 
•that there is no longer any mysteTy’in vital chemistry.’ 

Attentijrti has already l)een called to the fact that 
alcohol anil carhon-dio.xide, all hough by far the most 
im]>ortant, are not the only |)roduct« of alcoholic 
fermentation, and it has hcen stated that glycerine, 
succiiijc acid and varjons higher alcohols are formed 
at the si*uc ti^nc. Recent iiwestigations have thrown 
a great deal of light on the Ibrfiiaflon of these by¬ 
products, and it has been found that some of them at 
leijpt arc not formed from the»sugar at all. Thus 
I'ihrlich has shown that the higher alcohols (so-called 
fusel oil)result from the action of yeast on the amino- 
acids, soTiie of which are always ])rcsent in malt-wort, 
—leucine (a-amino-iso-dliproic acid), for exam|)le, 
yielding amylic alcohol, hi this reaction ammonia 
(which is iissimilatcd by the yeast) and carbon-dioxide 
are lilierated and an alcohol is formed containing 
one atom of carbon less than the original amino-acid. 
This reaction is probably of considerable importance 
from the point of view of the nutrition of the yeast, 
as it appears to indicate Ifie means by wlTich the 
yeast supplies itself with nitrogen in a rciwlily assimil¬ 
able form. The succinic acid which is a constant 
product of fermentation to the extent df about O’r) per 
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ficiit., a])i)eavs to bo dei’ivod fVom tlie dicarboxylic 
aiuino-acid, glutamic acid. 

It has already bcei'i stated Ijliat some of the ‘ wild’ 
yeasts produce bitter jjrodticts, Mid certain sjiecies 
(e.g. Sacch. awwm'liix) give rise to the iirodiiction of 
pleasant smelling ethereal substances ss/ch as are 
present in some fruit juices. It will, therefore, "lai 
understood that these by-jirodncts are of more than 
scientific interest, since the flavour of a fermented 
beverage is not unfreipiently dovnnated by the!,n, and 
its commercial value cither greatly, inc'.Oased or 
greatly reduced ifeedrding to their nature. In addi- , 
tiou to zymase and the hexosephosjihatase, the yeast 
cell contains a nuiK.ber of other enzymes, each, of 
which has its specific function and all of which arc of 
considerable imjiortance in connection with the nutri¬ 
tion and life-activities of the organism. Incidentally 
some of these are, as will be seen, of consideniblc 
technical imiKirtance. So far as is known the hexoscs 
atone (and of these only four, viz. d-glucose, d-mannose, 
d-gidactosc and d-fructose) are directly fermentable 
by yeast, and before the fermentation of other sugars 
can take place it is therefore necessary that they 
should be converted into one or other of these hexoses. 
This is 'in all cases efiected by enzymes. Thus cane- 
sugar is not directly fermentable but has in the first 
instance to be converted by the enzyme invertase 
into a mixture of d-glucose (dextrose) and d-fructose 
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(lacvulose) in accordance* with tlie following e(|U!i* 
tion; 

+ HJJ = f 0„II, 

^ (cU'xtioso) (laovnloso) 

Maltose has the*same, enii)ifl(?il fonnnla as cane- 
sugar and its, ju-ior to fennentation, converted hy the 
ciP/yine maltase into two inoleeides of dextrose: 
(:,dl.J)„ -I- 11,0 = 20,,11,,0„. 

Imalloso) («lexlro8i') 

M^lk-sugar (lactoje) again, is not directly ferment¬ 
able l)u(*l)as ^rst to be resolved by the enzyme lactiise 
into two other hexose sugars, deStrflse and galactose: 
C,,H.„0.. +11,0 = C,dl„0„ + 0„ll,,0... 

(lactose) (ilestros^) (galactose) 

n this eonnet]J,ion a point of couBidcrable interest 
may just be mentioned in jjassing, namely that the 
enzymes exhibit a remarkable discrimination l)etween 
certain carbohydrates wTiich otherwise resemble one 
another very closely indceil. Whilst il-glucose, 
(1-mannosc, d-fructose, and d-galactosc are fermetit- 
ahle, the optical iaomeridcs of these carbohydrates,— 
that is to say, forms wdiicli differ oidy in i'esj)ect of 
their action on polarised light,—are unferraentiiblf. 
In order that a given sugar^other than the fouralmve 
mentioned) may be fcnnentcTl by yeast, it is essential 
that the yeast in ()uestion should contain the enzyme 
necessary for its conversion into one or other of the 
above hexoscs. Now yeasts of different*species do not 
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ajl contfiin tlie siiine cnzymoj and it therefore happens 
that a certain yeast inay*be capable of fermenting 
one cai'bohydrate anil inciijiable pf fermenting another. 
Of* the eiizyniijs, invertase ajipeavs to be the most 
widely distributed 'among the Saccharomycetes, and 
consequently the great majority of yeasts aye capable 
of bringing about the fermentation of eanc-sugar. 
On the other hand lactase occurs in only a com¬ 
paratively small number of species and conseipiently 
a great many yeasts, including the ordinary cyltnre 
yeasts {S(icclM(rom!/(rs (xrcvm(tc) are^incapable of 
fermenting niilk-sMgdr. The following table may be of 
interest as showing at a glance the behaviour of ccrtiiiu 
of the yea-st species towards several of the mijre 
commonly occurring sugars. The sign H- indicatiw 
that the yeast in ipiestion is caiiabfe, and the sign 0 
that it is incapable of bringing about fermenbition; 


VeuHt 

T)f\- 

trui^u 

Laovu- 

lOKb 

Mao- 

noBe 

Oalac- 

lOKe 

Maltose 

(‘ane- 
sugar 

Milk- 

Bugai 

Saocii. ccrovisiao 


-»• 

-1 


+ 

•h 

0 

Sacch, cort*viaiao 

H- 

-1 

1 

+ 

+ 

1- 

0 

Carlshoiff 

Sacch. I’aatorianuB 

+ 

+ 

4 

+ 

'h 

+ 

0 

Sacch. ellipsoidous 

+ 

f- 

t- 

+ 

+ 

+ 

0 

Sicch. Marxianua 

+ 

+ 

+ 

-\- 

0 

+ 

0 

Sacch. 

t 

-1 ** 

0 

+ 

0 

+ 

0 

Sacch. Lndwigii 

+ 

+ 

+ 

0 

0 

+ 

0 

Sacch. uuonmius 

+ 

4- 

+ 

0 

0 

+ 

0 

Sacch. fragilis 

+ 


+ 

+ 

0 

+ 

+ 

Kefir ‘ 

+ 

+ 

+ 

0 

0 

+ 
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It may be mciitioncd.that the secretion of any 
particular enzyme is, so far*as is known, a very con¬ 
stant attribute of a Ki,ven sjteefes, and tliat it lias not 
been found possible by vai'ying tlie nature of the fobd 
•supply or the jfcueral euviromncnf of a f(iven sjieeies 
of yeast to* cause it to secrete other enzymes than 
thSse normally ])resent. This selective behaviour of 
the various species of ycfist towards the different 
carliohydrates constitutes, in fact, a very valuable 
method of differenjiation and identification. In 
additioie.to these sucro-clastic, i.e. suj'ar-splitting 
enzymes,the yeast cell contains oife oT- more proteolytic 
enzymes,—that is enzymes capable of acting niion 
jirotein matters and of converting them by hydrolytic 
changes into simpler substances. Since the enzymes 
themselves are, chemically speaking, closely allied to 
\he jiroteins, it might be thought that a proteolytic 
enzyme would attack thC other enzymes and so bring 
about theii’ destruction. As a matter of fact, such is 
the case, and under certain conditions zymase is 
attacked by the ])roteolytic enzyme of the yeast cell 
with the conse(jueut destruction of its activity. There 
is a good deal of evidence, however, that in the living 
cell there exists a substance, whose special function 
it is to protect the enzymes’Vrom this action^ There 
ciiu be very little doubt that the fermentative and 
other changes above referred to lake place within 
the yeast cell, and that the alcohol and tarbon-dioxide 
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kiviiig been formed in that wondeifui little laboratory, 
then difliise through the cell ntembrane into the 
surrounding Ihiuid. 

‘Having givi’ii a necessarily buief outline of the 
more im[tortant phenomena of fermentation both in 
their biological and chemical asjjects, wft, may now 
return to a consideration of the process from tfie 
more imrely tcchnologii^d side. It will be remembered 
that U) the cooled woi-t collected in the fermenting 
vessel, the necessaiy :imount of, yeast is adder], and 
fermentation allowed to jwoceed (page ,*riie fer¬ 
menting tun in its sihi[)lest form consists of a square 
or round vessel, usually constructed of some suitable 
wood, but often lined with copper, or occasionally^at 
the present time, with aluminiunu This vessel w 
fitted with a coil thi'ongh which cold water may be 
circulated for the )»nrposc of controlling the teni-‘ 
j)eratui'e of the fermenting wS)rt, aiul ,an arrangement 
known tcjchnically as a ‘parachute,’ which is cai)able 
of adjustment iii a vertical direction, and which serves 
for the removal of the yeast formed during the process 
and its transference to (he ‘yeast-backs’ or store 
vessels below. In fig. 12 (n) is the attemperating 
coil, (h) the parachute, from the ))i])c (c) of which the 
yeast di'’oj)s into a vessel on the floor beneath, and 
(d) a movable skimming arrangement for collecting 
and guiding the yeast into the opening of the ])ara- 
chute. 
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Til tlic simplest systeiii, known us the skinnniii'f 
system, tlie fermentation ciflmnenees and ends in tlie 
one vessel, tin; lieer beiiif^ raekTsl eitlnn- dii'cctly from 
this vessel into tli^! trade easks, or t^’ansfcrred to a 



racking vessel for jiiirposes of convenience. In tl'e 
latter, little or no fernientatfon occurs and llie beer 
is rarely allowed to remain in it for more than 24 hours. 
One advantage of this vessel is that it enables the 
brewer when neces.sary, to add sugsfr solution, or 
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i])riniiiig’ as it is called, jii bnlk instead of to the 
individual ciisks. In other systems of fermentation 
as practised in this c(tuntry, the first i)art of the fer¬ 
mentation onlj’ is allowed to hike place in the original 
femienting tun, aft^r which the* partially termentod* 
wort, is run into other vessels for the campletion of 
the process, these vessels iRiing either rectangifiar 
wooden vessels known as ‘ dropping sipiares,’ or con¬ 
nected casks of special construction known as ‘ unions.’ 
'I'he latter system is ty])ical of the working ado))tedin 
the breweries of Tlurtoivon-Trent, and the^ sci^tels in 
question arc wSiirily known as ‘ Burton Unions.’ 
Other systems are in vogue, some of which are peculiar 
to certain parts of yie country, but whatever may be 
the precise nature of the plant employed, the esseiilial 
process is substantially the same, aVd consists in the 
conversion of the fermentable sugars of the wort inth 
alcohol and carl)on-dioxide*in the manner described 
above. The amount of yeast used by the brewer for 
the purpose of bringing about fermentation varies 
somewhat according to the strength of the wort and 
other circumstances, but may be given roughly as 
from one to three pounds of fairly solid yeast per 
tiarrcl of :i(> gallons. After the addition of the yeast, 
fermciftotion commcncfii? almost immediately, and at 
the end of a few hours the liipiid in the tun will lie 
found to lie covered with a frothy or creamy layer. 
This rapidly •increases in volume and a little later 
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forma a fairly thick covering of very irreguiar anrfacc, 
which ia known as tlie ‘ r(/cky liead.’ This in turn 
undergoes a change in ajipea ranee, becoming more 
compact in character and presenting a more even 
I surface. At this stige the progress of fermentation 
is remhired,evident by the fact that the carbon-dioxide 
rising to the surface of tlie li(piid, piisses through tliis 
yeasty layer forming large bladdery bubbles which 
(juickly burst and arc immediately re])laced by others. 
'I’o any one watching the contents of such a tun the 
whole of the yeasty ‘ head ’ pr covering will be hnuid 
to i)e in a continual state of mothm, owing to the 
' escape of the carbon-dioxide gas. At this sttige the 
newly formed yeast is skimmed <,jli' for the first time, 
or'the partially fermented wort is transferred to the 
dropping s(|uare or union Iti which the fei-mcntiition 
4 b allowed lo complete itself. Diu’ing the progress of 
the fermentation the tci-i]>eratiire of the fenneuting 
wort rises owing to the vital activities of the yeast, 
and has for scvei-al reasons to l)e held in check. 
From 00° F. at which it is customary to add the yeast, 
the tempei'ature rises to about 70°F. or 7.'>' F., an 
increase beyond these temperatures being in-evcnted 
by the passage of cold water through the attemiierating 
coils above mentioned. It Jn- not within the sjcope of 
this book to describe in detiiil the |»roces8es of 
fermentation as ))ractiscd in the brewery, and it may 
therefore be assumed that the fermentation of the 
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wort is completed and the Ii(|nid (now no longer wort 
but beer) is ready to be ti’ansferred to the trade casks 
or to be othei’wise dealt with. 

heroin all that hiis been said above, it will be clear 
that the essential fcitturc of the i'erinentation j>roccss, 
is the conversion of maltose into alcohol (lud carbon- 
dioxide through tlie agency of the yeasV organism. 
As stated on |)age ina the maltose has lii'st to undergo 
conversion by the enzyme maltase into de.xtrose, and 
it is in reality this sugar which is broken up and 
furnishes the alcohol and carbt)n-dioxidc. ^ As fer¬ 
mentation pi’ocetds' the sngsir is of ctmr-se rei)laced 
by alcohol, and the (;arbon-dioxide simultaneously 
jwodneed is lilwratejl into the air, .so that the specific 
gravity oi' tlu^ fermenting wort decreases continiioftsly 
until the )>roc(«s is comi)lete. S’his reduction of 
density is technically known as the ‘ attenuation ’ and 
as has been pointed out (pi.gc IS") is, within certain 
limits, capable of being controlled by the brewer 
during the mashing process. During fermentation 
the whole of the free maltose disappears, and it is 
also probable that some of the lower ty])c nialto- 
dextrins (page H'y) are degraded to maltose and 
fermented by the ordinary so-called primary yeast 
(SacclMromyectt cfirviKriie). At racking, therefore, 
the beer will contain the following substances: 
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1. Alcohol \ 

2. (Jarhoii-dioxido f 

3. A little fflycerino f 

4. Traceaofhit^dieralc()holK,Ki>?cinicfteid,etc. j 
T). Malto-doxliiiis of vawoun kimlK ^ ^ 

' 0. The HO-caIlL‘il ntable *1 

7. PioteinsandfPtlier nitrofjcnnns Huhstaiiecs | 

«■ not ntilfscfi by tlie yeast ^ 

8, A little iniiuTal niatlei 

0. liittors and other substances t{eri\od (Voin 
the hops 


Products formed as 
the resiiH of tlie fer¬ 
mentation ]irOCGSH. 


TJnfcrmonted constit¬ 
uents of tlie original 
hopped wort. 


THc iibovc tloos not ])rcte.n(l to be a complete list, 
for l)oer contaiTis many substances ir. minute proj)or- 
tions, but it is intended merely to show at a glance 
tlie more important constituentSj and how these are 
rojghly to be divided between tlie products of fer¬ 
mentation, and tKose present in the original wort. 
Analyses of a few representative types of beer will be 
found in the Ap[K5ndi.\, [mge 

At the moment of racking, the iirimary fermenta¬ 
tion has spent itself, that is to say, the wliole of the 
readily fermentable carbohydrate matter has been 
decomposed and rejilaced by its eipiivalent of alcohol. 
A reference to the above table will show, however, 
that it still contains a certain amount of carbohydrate'' 
matter, which, as has been pointed out on jiage 3.3, is 
necessary for the cask or ‘ secondary ’ fermentation. 
Without this, the beer would rapidly become flat and 
undrinkable, and the brewer eudeavojirs by every 
c. a H 
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means at Ins disposal, to ensure that the proiM)rtion 
and the character of 'these residual carbohydrate 
matters (malto-dexti'lns) shall be projtcrly suited to 
the class of beer he is brewiiig, that is to sav, shall 
be such that the" beer comes ia])idlyinto condition 
on the one hand, or underfjoes a slow and protracted 
eask-fernientation, on the other. Whilst the higher 
ty])e malto-dextrins are not a])preciably attacked by 
ordinary yeast (Sairh, mri'isidc) they are reduced to 
free maltose by the hydiolytic action of certain of 
the ‘ secondary ’ yeasts (e.;;. Sacch. Faxforiaiihn) and 
it is these yeasts vdiich arc largely “resiMinsiblc for 
the true secondary fermentation of stock beers. 
'I'hcse yeasts are almost invariably present in very 
small proportions in the ordinary iiitchiiig yCftst 
(i.c. the yeast addetl to the fermenting tun to start 
the fermentation) and arc often conveyed to the wo.t 
from the air during the p’'ocesa of cooling, in any 
case they are rarely if ever absent from the beer at 
racking, although during the main fermentation they 
have lieen kept severely in eheck owing to the 
greater activity and enormous numerical preponder¬ 
ance of cells of the culture yeast. At the end of the 
'“primary fermentation, however, the latter begin to 
find the environment la-suitable, and the secondary 
yeasts, which are better able to attack the malto- 
dextrins, come into play and rapidly increase in 
numbers. In the case of mild ales and certain other 
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beers which undergo practically no storage, but are* 
drunk within a few days ot* being racked into cask, 
these secondary yeasts are nol needed, for the fer¬ 
mentation which tjjkes place in ^hc casjc during those 
few days is virtuallj' a continnatfon of the primary 
fermcntatio»i, and not a true ‘conditioning’ in the 
strtet sense of tlic term. It is for this reason that 
‘ pure yeast,’ tliat is, yeast of a single species, has in 
such cases been found to give good results in English 
breweries, whilst by stock ales it luis invariably 
provdb *yisuitable. Owing.to the jiresence of the 
alcohol, the carbon-dioxide and th# hop-resin, all of 
which arc bactericidal in varying degrees, beer is not 
at all a favourable medium for, the growth of the 
great majority of bicteria. There are, however, some 
which arc capable of thriving in it, and these may 
fery easily give rise to disastrous results. Thus 
certain bacteria, promincftt among which is the liMt. 
aceti, promote the oxidation of some of the alcohol 
to acetic acid, and so cause the beer to become sour. 
In vinegar making, this orgiinisni is intentionally used 
for the purpose of converting the alcoholic wash into 
acetic acid, and, indeed, vinegar could be made fron^ 
beer in this manner. Certain other bacteria produce 
traces of butyric and other sTtong-smelling fatty acids, 
the presence of which, of course, renders tlie beer thus 
attacked quite undrinkable. Other bacteria, again, 
produce the condition known as ‘ropiness,’ in which 

8—2 
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the beer has an oily appesir^ance when poured from a 
vessel, or, in extreme cases, may be almost jelly-like 
in consistency. In practice it is im])ossible to brew 
beer under such conditions as eidinHy to prevent the 
introduction of bacteria, and all that the brewer can 
do is, by ]>aying the most unremittinj^ attention to 
the cleanliness of his vessels and plant, and by 
excluding; all but filtered air from the wort during 
certain portions of the pi’ocess, to reduce the infection 
to a jn'actically safe minimum.,, (liven a sulticiency 
of the preservative constituents of the hpp^ and a 
constiint development of carbon-dioxide (condition¬ 
ing), beers brewed under such conditions will kecii 
sound for many mpnlhs, ami in the case of strong 
beers, where the larger percentage of alcohol helps, 
for years. 


OHAPTEU VII 

mSTRinUTlON, INCLUDING BOTTLING 

Speaking broadly beer is sujiplied by the brewer 
either in cask (draught beer) or in bottle. At the 
present time the staple beer of tliis country is the 
so-called mild ale, which is intended for rapid con- 
smnption. This beer is supplied to the wholesale 
trade in cask and is usually consumed within a few 
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(lays of leaving the brewery. Whilst most well, 
brewed beer will become spontaneously bright if 
kept for a suflicientlti long time under ju’oper coti- 
ditions, this beer Js re(|uired t^ be brilliant within 
a very short time ol^racking into cask. To etteetthis 
it is customary to add ‘finings.' Finings consist of a 
viscous ‘solution’ of isinglass in dilute acid, usually 
sul|)hurous or (ai’biric or both. The isinglass, which 
is not really dissolved by the acid, but is only in a 
state bordering on solution, imnusliately coagidates, 
when ttip finings are added to the beer, aipl in the 
jiroeess entraps as it were, idl the? sifhpended |)artiele.s, 
carrying them either to the top or to the bottom and 
retaining them in the coagnlum/onned. One of the 
most striking cluuiges which has taken place in the 
brewing industry during recent years is the enormous 
development of the bottle trade, largely at the ex¬ 
pense of small casks. 5)riginally all bottled liecr 
was conditioned in bottle, that is to say, it was 
allowed to mature for a cerlain time in cask and 
was then transferred to bottles, which were stored 
for a sufficiently long time to enable the ‘ secondary ’ 
or in this case ‘bottle’ fermentation to take plac\;. 
Slow fermentation taking^jilace under these con¬ 
ditions, that is to say, in the virtual absence of 
oxygen and under jiressure, resulted in the jiroduc- 
tion of a type of beer which could not be produced 
in any other way, and which w'as, and^till is, highly 
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a])[)re(:iatc(i by tlic cDiinpirtaciir. The system is re- 
pirded by experts as in many respects the best, and 
it is still adopted in the case of the finest jiale ales, 
ex[)ort beers and ot|icr beers of the liighest (piality. 
For- a lonfi- time tlie bottle fermehtiition was thoiif^ht 
to be dne entirely to secondary yeasts, sn’ch as those 
which are chiefly res|>onsible for the cask coiidition- 
in>? of drauj’bt l)eers, Init (Inrinf? recent years it Inis 
been shown (first by (!laussen) that certain organisms 
lielonging to the grouii of Tornlve are in reality the 
active ageids. 'flic Toririae are closely allioi^ l,o tbe 
true Saceharoniycetes, from which they differ chiefly 
in their inability to form ascos])ores. As comjiared 
with the yeasts (from which they are often indis¬ 
tinguishable in their microscojiical appearance) thciie 
orgsinisms (fig. It!) have usually fermentative |)ro- 
pertios of a low order, and many of them are inca])able 
of fermenting the ordinary sugars, to say nothing of 
the comiiarativcly stable residual carbohydrates of 
beer. Some, however, have this power, and it is 
highly jirobable that the characteristic flavour of 
certain bottled beers is to some extent the result 
i,if their activity. At the same time there is abundant 
evidence that the ordinar^y secondary yeasts arc also 
oiieratiVe. 

One objection to this system will be obvious, 
namely that since the conditioning of the beer is 
dne to fenn^ntation occurring within tho bottle. 
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there must be a corresponding formation of yeast,, 
that is to say, of sediment. About 90 years ago the 
practice of ‘ carbouation ’ iis applied to bottled beer 
made its appearappe, and was s^oirfoiind to meef a 



Fig. 13. X 750. Torala. 


widely sprciid demand. In this process the beer was 
bottled in a bright condituTn and was then charged 
artificially with carlxm-dioxide, as in the preparation 
of the ordinary mineral waters. From the brewer’s 
point of view it had the advantage ofi enabling him 
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dio do ii iiiucli (jiiickcr trady, and to inca'eii-se his turn¬ 
over, whilst the consumer was "lad to get a Iwttle of 
beer which was always charg(jd with gas, atid which 
being practicailly frpe from scilinient, involved no 
waste. Tliis process which is s^till widely adopted, 
and which has certain well-defined nie'i’its, is not 
technologically a very jierfeet one, for not only is 
it impossible l.o prevent ctt'ectually the occurrence of 
fermentation and eonsc(|uently of sediment if the 
beer is not (|uicl<ly consumed, bvt there is frou^ time 
to time,a certain amoimt of difficulty du^ to the 
sejiaration of cei*i.ain protein matters of slight solu¬ 
bility. 'Jliis is often a source of very consideniblc 
difficulty to the brewer, in draught as well as in 
bottled beers. (Icrtain of the jirotyins, which cannot 
be assimilated by the yeast, and which consequently 
pass through into the finished beer are freipiently 
just on the borderland of*'true solution, and so a 
very slight alteration in the character of the solvent 
such as the formation of a little more alcohol, or the 
presence of a little more gas, causes them to come 
partly out of solution. In this state they cause the 
^ecr to present a hazy appearance, which is very 
difficult to deal with and which 7-endcrs it for all 
practic&l purposes, unsaleable. Even tlie most perfect 
filtration could not entirely eliminate these defects 
from the simide carlmnation process, and so brewers 
were quite prepared to welcome the ‘ chilling ’ system. 



VTl] 


DISTUl-BTITION 


121 


'Phc principle undcrlyinj^ tjiis is a very simple one. 
'I’hc solubility of the more cojiiplcx i)rotciu matters 
dissolved in the beeik diminishes with reduction of 
temperature, and* if the beer js^cooJed sufliciently, 
they will come more or less comphdely out of solution. 

If then the'beer is submitted to filtra tion at this low 

• • 

temperature, these mal ters will be removed, and the 
beer will subse(|ucntly remain brilliant for a consider¬ 
able time, even when e.\|iosed to the most adverse 
cond^itions. In son*e cases the. beer is cooled slowly 
in bulk*in refj-iseratin^ chambers, whilst in. others it 
• is cooled rai)idly in cylinders, but*n both cases it is 
forced at a temperature but little above that of the 
frfezinf; jwint of water through*special filters before 
imssing to the battling machine. When the beer is 
^cooled slowly in bulk there is a very perfect se])a- 
ration not only of the ])rotein inatU'rs, but also of 
suspended yeast cells, ailW such beer will kee)) brilliant 
in bottle for a considerable time, provided that a 
thoroughly efficient filter is employed. Beer which 
has been quiMi/ chilled is often less satisfactory in 
this respect. Unfortunately the lowering of tem¬ 
perature has the effect of bringing out of solutiop, 
not only the tindesirable jgroteins but also the hop 
resin, and bed’s which have l>een submitted to this 
process frecpiently jmssess too little ho)) flavour, a 
defect which has not u)) to the present been entirely 
remedied. 


8—5 
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• Many niodificatioim of, tV.CHe systems exist, but as 
the ])riueiple8 iiiiderlyjng them are jiraetically tlie 
same, it will not serve any useful purpose to refer 
to them in detail. certain ampHiit of beer is sold 
in quart bottles or llagoiis, but as this is virtually 
draught beer, sold in bottles instead oY in smpll 
casks, to suit the consumer’s convenience, it is not 
necessary to refer to it further. It will be seen then 
that bottled beers may be roughly divided into three 
classes (a) Iveers matured in cask and allowtyl to 
condition, in the bottles, \h) beers filtered .nsld arti¬ 
ficially gassed in bottle, and (c) beers chilled, filtei'cd 
at a low temperature and bottled with or without the 
use of extraneous gas. 'J’hat the beew of the fii^t. 
elass are by far the best is generally admitted, and feV 
beer drinkers would be found to deny the statement, 
that in the other classes of bottled beer brilliancy 
is usually secured at the eii)ense of character and 
flavour, although, of coui’se, there are great dif¬ 
ferences in these respects in the products of different 
firiiiB. 

In concluding this Chapter,attention may be called 
t 9 the utilization of two very important waste products 
of the brewery, namely carbon-dioxide gas and yeast. 
Taking the fundamental fermentation equation 

C.H,A = atyi„C + 2CO., 

it will be seeu'that IKO parts by weight of dextrose 
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yield no loss than K8 pwtit hy weight of carhoii-' 
dioxide, or for every ton of siigiir fermented nearly 
half a ton of the giia is liberated. In many of the 
larger brewerie.s tlnis^as is colleetejJ fnffn the ferment¬ 
ing tuns, purified by passing it through sembbera 
amj tower.s,’contciining certiiin purifying agents, and 
then condensed, cooled and liipiefied. The liquid 
carbon-dioxide is then transferred to stout cylinders, 
from which it is used by the brewer himself, or in 
whiclj it is sold to otJier brewers or to mineral water 
manufafitairere, for the gassing of their products. 
»Ycast is another by-product *of the brewery to 
the utiliiiation of which a very large amount of at- 
tc’ition has been devoted during *ecent yeaiu Under 
'oiTlinary circnmslpnccs a reproduction equivalent to 
jbouffive times the weight of the yeast used for 
pitching occurs, that is to say, for every one pound 
of fairly solid yciist adifed to the tun at the com¬ 
mencement of fermentation about six jiounds of 
equally solid yeast will be recovered. A.ssuming 
30 million barrels of beer to be brewed annually 
in the United Kingdom, and assuming further that 
five pounds of yea.st will be obtained from eaejj 
barrel fci’mcnted, it will jje seen that the M'hole 
annual output of yciist for the United Kingdom 
alone would amount to no less than 07,000 tons. Of 
this, which is undoubtedly a very low estimate, a 
proportion is of course needed by tile brewer for 
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starting fcnuciitations, bjit» the great hulk is not so 
re(|nired, and is available for othei’ iiiiri)oses. 

Of the various uses whielv have been suggested 
for the produci', bv^h^r the most ii*teresting and sue- 
cessfiil is its conversion into a food-jn'oduct. It will 
be reniend)ei'ed tliat the } east cell consistis largely of 
protoplasm, the chemical basis of all living cells, and 
it is clear that it shoidd possi-ss nutritive properties 
of a high order. J3y a patented ju'occss certiiin 
changes are effected in the |trot*.'in constituents, and 
as till! result a ])roduct obtained which rtfcembles 
e.vtract of meat'’so* closely that it is almost im-- 
possible to distinguish between them either by taste 
or smell, lii chemi#;al composition, moi-eover, tlyey 
are very similar indeed, the only djfterence so far«s 
is known, being that meat e.xtracts contain the*bases 
creatine and creatinine, whereas yeast extracts do 
not.. As a feeding-stulf foi' battle, dried yeast is also 
Ixjing somewhat largely used. 
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Table Hhowiiig the nuTiilier of hulk harrtfls of beer produeed 
duriuir the year endiii}; 3*>tb September J'.Hl, and the quantities of 
malt, and rice, sugar and bo^s used during the saipe period: 


Bulk barrels of beer . . 
Malt 

llico and Maize preparations 
Sugars of various kinds 
Hops .• 


:io,yJ9,47H 
.'51,670,3;»7 busliels 
1.33(i,bH() cwts. 
;{,0n,201 cwts. 
G4.3I0,10K lbs. 


Table showing the number of bulk barrels (that is, barrels con¬ 
taining 315 gallons) of beer proi^ieed in the United Kingdom <luring 
the years 1902-1910 inclusive, and the average specilic (oiiginal) 


gravity for those years : 

Year enderl 

3Ist March 

Bulk IkirrelK 

Average 
siiecihc gravity 

1902 

3(5,887,2(50 

1053-47'’ 

190.3 

37,le53,978 

1053-42^ 

1904 

3(5,329,813 

1053-43” 

1905 

35,415,523 
35,0(56,(M 

1053-24” 

190(5 

1053-33* 

1907 

35,10(5,797 

1053-31” 

1908 

35,359,024 

1053-44^ 

1909 

34,37(5,352 

1053-2()^ 

1910 

34,299,911 

1053*20” 
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Tablo sliowing Ibe average comi^sition of various kinds of beer: 
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London Mild Ale 

5-15 

0-33 

0-12 

0-2H 

* 3-65 

«10 

Burton Pale Ale 

4-;(2 

0-30 

0-234 

0-31 

5 -AH 

1216 

English Strong Ale 

7-59 

0-91 

0-162 


8-75 

19-00 

English Light 

3-9(1 

0-32 

0-09 

0-27 

3-98 

8-HO 

Bottled Ale 




Dublin Stout 

7-02 

0-75 

0-2f 

0-39 

0-64 

, 12-28 

London lN>jler 

r> ‘02 

0-«7 

013 

0-^7 

0-33 

44^7 

9-34 

American Ale 


0-57 

0-094 

5 •23 

11-50, 

Export Pilsenor 

5-70 

0-12 

0-19 

0-20 

4-20 

9-20 

Export Munich 

G-15 

0-5C 

0-H 

O-IKO 

4-00 

8-90 

The following analysis shows in greater detail, the 

• 

compositio%of 


ft RftTuple of Burton Pale Ale of medium gravi^^': 


Total Extractive Matters 
Combim'd Maltose 
Combineil Dextrin 
Uncombined Dextrin 
Fixed Acidity {as lactic acid) 
Total Acidity (as acetic acid) 
Proteins 
Ash ... 

Absolute Alcohol (by wciglit) 
Proof Spirit ... . 4 , 

I’hosplioric Acid 


5-2b % 

1- 2K«/o 
0-8M 

2- 09 % 
0-04 % 
0-10 X 

0-48 X 

o-:d X 
5-17 X 
11-28 7 , 
o-or, X 
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PKKPACJE 

( '^ RMAT iis is tlic debt »f gratitude which the 
T brewing industry owes to the labours of 
seientifie iiieii, it has been more than repaid by the 
inHiiense services which that industry has indirectly 
rendered to the advaiicenicnt of modern science. It 
may be said witliout (nxaggeration that in respect of 
the number of scientific investigations of the first 
order of imimrtance to whicli it has given rise, the 
brewing industry stands easily pre-eminent among tlic 
imiustries of mankind, and that without the stimu¬ 
lus furnished by the desire to arrive at the meaning 
of some of the more imjmrtant phenomena connected 
with the brewing of beer, both cliondcal and biological 
science would probably be the poorer to-day by some 
of their most valued intellectual achievemeutR In 
support of this statement it is only necessary tc refer 
to the investigation of the chemical and other changes 
occurring during the gi'owth of the barleycorn, the 
elucidation of the mechanism of the hydrolysis of 
starch by diastase, the nature of enzyme action, and 
last, but not least, tbe numerous researches into the 
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natinc of fcrmeiitatioti, with iiH tJie wonderful chemi¬ 
cal and biological facts which those researches have 
revealed. Whilst all this is indisputiibly true, it is 
iinfortiinatcly a fafct thi»t about uo otficr industry do 
so much ignorance and misconception exist, even on 
the part of intelligent ,and well-educated i»eoplc.‘^ The 
brewing of beer is regarded by many as an operation 
of a simide and more or less mechanical description, 
which i.s not of sufficient im))ortance to merit study 
or of sufficient interest to claim a share of their 
attention. It is in the hoi)e of doing s'oinething, 
even though it be but little, to correct this widely- 
sjwead impression, that 1 have most willingly ac- 
cc[)ted the invitation to contribute this little work fo 
The Cambridge Mameah of Scienee aifd Ijiteratmr,. 
To prevent any misunderstanding, I may say at once 
that it is not intended to serve as a text-book for the 
student of brewing and still less as a hand-book for 
the practical brewer. In it 1 have only referred to 
methods of practical working when such reference 
was necessary for the purpose of aii'ording a general 
view of the process, or appeared to render the‘.appli- 
catiov of certain principles more intelligible. I have 
in fact confined myse|f as far as possible to an ex¬ 
planation-of the principles underlying the various 
parts of the brewing process, and have endeavoured 
in describing these to employ language which should 
be intelligible to the well-educated layman, for whom 
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this book is primarily' intended. Fn dealing in so 
small a compass with a subject covering such vast 
areas in the domains of both biology and cliemistry, 
tlie difficulty (.f knowing jirecisel.v what to include 
and what to omit has been very great, and this must 
bo my excuse should any of my readers detect what 
they iH!gard as errors of omission, or consider that 
1 have submitted the subject to unduly great com¬ 
pression. The illustrations of brewing plant have 
been very kindly [irepared for me by Messi-s William 
Bradford and Sons, to whom my thanks are due. 
1 am alst) indebted to I’rofessor Percival and to 
Messrs Duckwoi'th and Co., for pennission to use 
the drawing re)>resenting the structure of the hop 
cone; to Mr Harold Wager, F.U.S., for permission 
to use the dritwing reju'csenting the structui'e of the 
yeast ctdl, and to my assistant. Mi- J5. K. Sawbridge, 
Al.A., for preparing certain of the photomicrographs. 

A. (!. C. 


London, 

July, IHli 
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